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Art. XL.—Remarks on Professor Newcomb’s “* Rejoinder ;” 
by JAMES LL.D., F.R.S.* 


In this Journal for last January, Professor Newcomb has 
done me the honor to reply to my remarks in the October 
number on his Review of ‘Climate and Time,’ which appeared 
in this Journal, May, 1876. With regard to this Rejoinder of 
his, I regret that I must repeat what I said about his Review, 
viz: that nearly all his objections are based on strange, and to 
me unaccountable, misapprehensions of my reasoning and of 
the views which I actually hold. I have no desire to continue 
this controversy, but may be allowed briefly to refer to those 
points on which I have been so thoroughly misunderstood. 

Of course I fully concur in Professor Newcomb’s opening 
remarks as to the desirability of “a purely mathematical inves- 
tigation of the subject.” Such an investigation, however, is, 
I think, impossible at present. In a question so complex and 
difficult as that of the cause of the Glacial epoch, depending 
as it does on the consideration of so many different elements, 
some of which are but little understood, logical analysis rather 
than mathematics will require to be our instrument in the 
mean time. The question must first assume a clear, definite 
and logical form before mathematics can possibly be applied 
to it. 

Prof. Newcomb objects that my language is wanting in quan- 
titative precision—that I use such terms as “ great,” “very 
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great,” “small,” “comparatively small,” and so forth, without 
any statement of the units of comparison relatively to which 
these expressions are employed. No one reasoning on the 
combined influence of a multitude of physical causes could 
well avoid the almost continual use of such terms. Besides, 
my critic forgets that in almost every case in which I use these 
terms numerical exactness is not attainable; and even if it were, 
it would, as a rule, be of little service, seeing that the conclu- 
sion generally depends on the simple fact that one quantity is 
less or greater than another, not on how much less or how much 
greater the one may be than the other. Although my argu- 
ments are logical, few writers, I venture to say, have done more 
than myself to introduce definite quantitative exactness into 
the questions I have discussed. 

Prof. Newcomb gives his readers to understand that I assume 
Newton’s law of cooling to be correct; and that I apparently 
nowhere adduce the more correct law of Dulong and Petit— 
viz: that if we’ take a series of temperatures in arithmetical 
progression, the corresponding rates of radiation of heat will 
not be in arithmetical progression, but in a series of which the 
differences continually increase. If he will refer to the ‘ Rea- 
der,’ Dec. 9, 1865, Phil. Mag., Feb. 1870, ‘Nature,’ April 1, 
1880, and ‘Climate and Time’ (the book he reviewed), p. 87, 
he will there see the question discussed at considerable length. 
He will also find reference made to a remarkable circumstance 
connected with radiation which perhaps may be new to him. 
It is this: the law of Dulong and Petit (that as the temperature 
of a body rises the radiation of the body increases in a much 
higher ratio) holds true only of the body considered as a mass. 
The probability is, as has been shown by Prof. Balfour Stewart, 
that the individual particles composing the body obey Newton's 
law in their radiation; in other words, the radiation of a mate- 
rial particle is directly proportionate to its absolute temperature. 

Further, in estimating the extent to which temperature is 
affected by a change in the sun’s distance, Newton’s law makes 
the extent too great; while the formula of Dulong and Petit, 
which is an empirical one, makes it, on the other hand, too 
small. This formula has been found to agree pretty closely 
with observation within ordinary limits, but it completely 
breaks down when applied to determine high temperatures. 
For example, it is found to give a temperature for the sun of 
only 2130° F., or not much above that of an ordinary furnace. 
It is probable also that it will equally break down when 
sedi’ to very low temperatures, such as that of space. 

Iam very much pleased to find that Prof. Newcomb draws a 
conclusion from Dulong and Petit’s law favorable to my theory 
of the cause of the Glacial epoch, which certainly did escape 
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my notice. And it is a curious circumstance that Mr. Hill* 
has likewise deduced a conclusion even more favorable to gla- 
ciation than that of Prof. Newcomb. 

Prof. Newcomb says :—‘“ Mr. Croll suggests that I may have 
forgotten the researches of Pouilletand Herschel into the tempe- 
rature of space. I reply that I regard the conclusion that the 
temperature of space is —239° as having no sound basis.” This 
may be perfectly true; but itis hardly a warrant for affirming 
that practically there is but one source (the sun) from which the 
. surface of the earth receives heat, without even referring to the 
researches of these eminent physicists, who have arrived at a 
totally different conclusion. Any one who has read ‘Climate 
and Time’ will know that I adopted —239° as the temperature 
of space, not because I believed that estimate to be correct, but 
because at the time I wrote there was no other to adopt. In 
fact, in adopting so high a temperature for space I was doing 
my theory a positive injury. This is obvious; for the lower 
the temperature of space the greater must be the decrease of 
temperature resulting from an increase in the sun’s distance 
due to eccentricity. My opinion all along has been that the 
temperature of space is little above absolute zero. 

As an argument against the conclusion that space can have 
the high temperature assigned to it by Pouillet and Herschel, 
he says:—‘ Photometry shows that the combined light from 
all the stars visible in the most powerful telescope is not a 
millionth of that received from the sun, and there is no reason 
for believing that the ratio of light to heat is incomparably dif- 
ferent in the two cases.” This very argument from the extreme 
smallness in the amount of light derived from the stars in com- 
parison to that from the sun, intended by him to convince me 
of the absurdity of supposing that space possesses a tempera- 
ture as high as —239°, is just the very argument advanced by 
myself upwards of eighteen years ago, in the ‘ Reader’ for De- 
cember 9, 1865, and afterwards reproduced in ‘Climate and 
Time,’ at page 39, from which I quote the following :— 


“We know that absolute zero is at least 493° below the melt- 
ing-point of ice. This is 222° below that of space. Conse- 
quently, if the heat derived from the stars is able to maintain a 
temperature of —239°, or 222° of absolute temperature, then 
nearly as much heat is derived from the stars as from the sun. 
But if so, why do the stars give so much heat and so very little 
light ® If the radiation from the stars could maintain a ther- 
mometer 222° above absolute zero, then space must be far more 
transparent to heat-rays than to light-rays, or else the stars give 
out a great amount of heat, but very little light, neither of which 


*“ Evaporation and Eccentricity as Co-factors in Glacial Periods,” Geological 
Magazine for November, 1881. 
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suppositions is probably true. The probability is, I venture to 
presume, that the temperature of space is not very much above 
absolute zero.” 


In regard to Professor Newcomb’s objections to the reasons 
which I have adduced to show that the ocean ought to be 
warmer than the land, I am at a loss to understand how he can 
have so completely misunderstood me on that point. I 
thonght I had expressed my views with sufficient clearness, 
but now fear I cannot have done so. 1 need not, however, 
again go over my argument in detail, but shall simply state 
what the views are which I have all along maintained. This 
will suffice to show that these views are diametrically the oppo- 
site of those which my critic has attributed to me. 

The temperature of a body can remain stationary only when 
the rate at which it is losing equals that at which it is receiving 
heat. If heat be lost more rapidly than it is received the 
temperature will fall. The fall of temperature will diminish 
the rate of loss till the rate of loss equals the rate of gain. 
After this the temperature becomes stationary. If we have 
two bodies, A and B, the same in every respect, each receiving 
(say from the sun) the same amount of heat in a given time; 
and if the only difference between them be that A has a 
greater difficulty than B in getting quit of the heat which it is 
receiving ; then, for the reason just assigned, A will necessarily 
stand at a higher temperature than B. Let us now suppose 
the southern, or water hemisphere, to be A, and the northern, 
or land hemisphere, to be B. I have endeavored to show 
(‘Climate and Time,’ and elsewhere) that A, the water hemi- 
sphere, ought to have a higher mean temperature than B, the 
land hemisphere, because the former has a greater difficulty 
in getting quit of the heat which it is receiving from the sun 
than the latter. The question then arises, how is it that the 
water hemisphere has a greater difficulty than the land hemi- 
sphere in getting rid of its heat. It is mainly due to that 
cause which Professor Newcomb says is quite new to him, viz: 
the fact that the agueous vapor of the air is far (ess diathermanous 
to radiation from water than from land. It is a curious fact that 
Professor Newcomb, in his “ Rejoinder,” entirely overlooks 
this cause assigned by me, although I have stated it fully in 
my fourth reason. The period of the heat-vibrations of the 
aqueous vapor of the air is the same as that of the ocean, and 
consequently the aqueous vapor will absorb radiation from the 
ocean more readily than from the land. A considerable por- 
tion of the heat absorbed by the aqueous vapor of the air is 
thrown back upon the ocean, and in this way the aqueous 
vapor acts as a screen, or like the glass of a greenhouse, in pre- 
venting the ocean from getting quit of its heat so rapidly as 
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the land. The result is that the temperature of equilibrium 
of the ocean must be higher than tiiat of the land. In other 
words, before the ocean can manage to throw off its heat into 
space as rapidly as it is receiving it, its temperature must be 
higher than that of the land. ; 

The foregoing conclusion follows so obviously from the 
known properties of aqueous vapor and the principles of ther- 
modynamies that I can hardly believe Professor Newcomb will 
call it in question. But he will ask how can the transparency 
of the ocean for heat-rays, the mobility of its particles, and 
the greater store of heat which it possesses, be a reason why 
its mean temperature should be higher than that of the land? 
I thought I had made all this clear. The reason becomes ap- 
parent when we consider why it is that the surface of the ocean 
during night and also during winter is warmer than the surface 
of the land. The ocean in temperate regions seldom sinks to 
the freezing-point, while the land is frequently frozen for 
months. The cause is obvious enough: at night, when the 
surface of the ocean becomes cool, the cold particles sink and 
their places are supplied by warm particles from below, and so 
long as the heat stored up remains, the surface can never be- 
come cold. Were it not for the transparency of water for heat- 
rays, it would be impossible that the ocean could obtain a sup- 
ply of heat sufficient to maintain its surface-temperature during 
the entire winter; and, on the other hand, were the particles 
not mobile, this store could be of little service. 

It is true that the land is hotter during the day and also dur- 
ing the suinmer than the ocean, but it is found that the more 
equable temperature of the ocean gives 2 higher mean. This 
is further shown from another consideration. The land is 
more indebted for heat to the ocean than the ocean is for heat 
to the land. For example, a very considerable portion of the 
warmth enjoyed. by Northwestern Europe is derived from the 
Atlantic. In like manner, Western America is indebted to 
the Pacific for a large amount of its heat. In addition an 
immense quantity of the heat received from the sun by the 
ocean is consumed in producing evaporation, and a large por- 
tion of this heat, latent in the vapor, is bestowed on the land 
during condensation. Yet, notwithstanding this transference of 
heat from the ocean to the land, the mean temperature of the 
former is greater than that of the latter. Were it not for its 
store of sammer heat the ocean could not afford to part with 
so much of its heat to the land during winter and still maintain 
a higher mean temperature. 

I come now to the consideration of the most singular of all 
Professor Newcomb’s misapprehensions—that one, namely, 
which has reference to my third reason. In that reason I 
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stated, what every physicist knows to be perfectly correct, that 
the aqueous vapor of the air radiates back a portion of its 
heat; and the ocean, for reasons which have been already 
stated, absorbs this radiation more freely than the land. Radi- 
ation from the air therefore tends more readily to heat the 
ocean than it does the land. Professor Newcomb says that 
this involves the reductio ad absurdum of two bodies heating 
each other by their mutual radiation. This is not the state of 
the case at all, for both bodies receive their heat from the sun ; 
their mutual radiation simply retains them at a higher tempera- 
ture than they could otherwise have. Here Professor Newcomb 
appears to get into confusion owing to the meaning which he 
attributes to the word “heating.” The views which I have 
advocated in reference to this mutual radiation are as follows: 
According to the dynamical theory of heat, all bodies above 
absolute zero radiate heat. If we have two bodies, A at 200° 
and B at 400°, then, according to Prevost’s theory of exchanges, 
A as truly radiates heat to B as B does to A. The radiation 
of A, of course, can never raise the temperature of B above 
400°; but nevertheless the éendency of the radiation of A, in so 
far as it goes, is to raise the temperature of B. This is demon- 
strated by the fact that the temperature of B, in consequence 
of the radiation of A, is prevented from sinking so low as it 
would otherwise do. Al] this is so well known to every stu- 
dent of thermodynamics, that I can hardly think Professor 
Newcomb, on reflection, will dispute its accuracy. And if he 
admits this, then he must also admit the soundness of my third 
reason, for this is the principle on which it is based. The 
aqueous vapor of the air absorbs a considerable amount of the 
heat which is being constantly radiated by the ocean; a por- 
tion of this heat thus absorbed is thrown back upon the ocean, 
the tendency of which is to keep the surface of the ocean at a 
much higher temperature than it would otherwise have. Prof. 
Langley has concluded, from observations made at Mount 
Whitney, that were it not for the heat thrown back by the 
atmosphere, or “trapped” as it is popularly called, mercury 
would remain solid under a vertical sun. 

In his Review of ‘Climate and Time,’ Professor Newcomb 
advocated, as a fatal objection to my theory, that the quantity 
of heat received from the sun during summer would be suffi- 
cient to melt in a few days the entire amount of snow and ice 
accumulated during winter.* This objection, I pointed out in 
my reply (this Journal, Oct., 1883, p. 264), is based on the 
erroneous assumption that the quantity of snow and ice melted 


* Were this objection correct it would prove that there could have been no 
Glacial Epoch; for it is obvious that had not the sun’s heat failed to melt the 
winter's snow. not during the course of a few days merely but during the entire 
summer, there could not possibly have been permanent ice. 
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must be proportionate to the amount of heat received from the 
sun. In proof of the erroneous nature of this assumption, I 
refer to the fact that on the lofty summits of the Himalayas 
and Andes, for example, the quantity of heat received from 
the sun would be sufficient to melt at least fifty feet of ice per 
annum, and that is no doubt more than ten times the quantity 
actually required to be melted; yet notwithstanding the snow 
remains permanent. The cause of this non-melting I showed 
is due to the fact that at these elevations, owing to the dryness 
of the air (want of aqueous vapor), the loss of heat from radia- 
tion into stellar space is so excessive that the rays of the sun, 
intense as they undoubtedly are, are unable to raise the tem- 
perature of the snow to the melting-point; consequently, no 
matter what may be the amount of heat received, the snow 
can never melt. It may evaporate, but it cannot melt. I 
further pointed out that, were the aqueous vapor possessed by 
the atmosphere sufficiently diminished, the snow-line would 
descend to the sea-level even at the equator, and perpetual 
snow would cover our globe down to the sea-shore. 

I was much pleased to find that Professor Newcomb has not 
only adopted these views regarding the effects of an absence of 
aqueous vapor, but suggested that they may yet afford an 
explanation of the cause of the Glacial epoch. Every one 
familiar with the subject, however, knows that that epoch was 
not due to a dryness of the air, but the reverse. 


Art. XLL—Communications from the U. S. Geological Survey, 
Rocky Mountain Division. VI. On an interesting variety of 
Liliingite and other Minerals ; by W. F. HILLEBRAND. 


[Read before the Colorado Scientific Society, April and Dec., 1883.] 


AROUND the base of Teocalli Mountain, on Brush Creek, 
Gunnison County, Colorado, there occurs, in several mines, 
a cobaltiferous and nickeliferous variety of léllingite of such 
peculiar appearance as to arrest my attention at a glance. 
Close scrutiny so strongly confirmed the interest at first 
excited, that a series of observations was undertaken, of which 
the results are embodied in the following. 

The precise locality of occurrence of the specimens examined 
was unknown to Mr. William McCree, who presented them to 
the Colorado Scientific Society, but Mr. J. G. Ridgley has ob- 
served the mineral at various places on Brush Creek, and has 
investigated its occurrence, particularly at the Luona mine on 
the northwest slope of Teocalli Mountain. It is here found, 
according to Mr. Ridgley, associated with native silver, prous- 
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tite, argentite, pyrargyrite, chalcopyrite, galena, siderite, barite 
and calcite, the last three composing the gangue. Much of it 
is decomposed, forming secondary oxidized products, most con- 
spicnous among which is erythrite. 

The mineral seems to occur in some quantity, and one of the 
specimens examined was of several pounds w eight. The strik- 
ing appearance already alluded to becomes visible only on frac- 
tured surfaces. There are seen, embedded in the siderite and 
barite gangue, steely-white forms, one-eighth of an inch, more 
or less, in diameter, of pronounced radiate structure, the longer 
radii protruding from the mass, and giving the whole a beauti- 
ful stellate appearance. The star forms occur sometimes singly, 
but more frequently joined together in greater or less number, 
without losing in any marked degree the peculiar character of 
the. individual. In some specimens the appearance approaches 
that of a dense homogeneous mass several inches in diameter, 
but even in the densest portions the radiate structure is gener- 
ally distinctly discernible. 

In order to discdver, if possible, a clew to the crystallographic 
structure, and also to obtain material for analysis, specimens 
were treated with hydrochloric acid without previous crushing, 
whereby the siderite and the arseniates of iron, cobalt and 
nickel were entirely dissolved. The léllingite remained quite 
black on all parts where the gangue had been eaten away, but 
surfaces of previous fracture retained their white color. The 
star-like forms were then seen to be composed of a consider- 
able number of long flattened ellipsoids, interpenetrating ata 
common center in every direction. When one of these clusters 
was broken through the star form appeared on the surface of 
fracture. The aggregates were joined together loosely, now 
that the cementing material had been removed, though fre- 
quently in large clusters of many hundreds of all sizes, from 
those visible only with the aid of a microscope, to others an 
eighth of an inch or more in diameter. 

A microscopic study of the finer part of the material liberated 
from its imprisonment in the gangue, and broken off from the 
larger pieces during the treatment with acid and subsequent 
washing, furnished the solution to the question as to what was 
the crystallographic form of the flattened ellipsoids composing 
the aggregates and the law of the twinning. The fundamental 
form is that of léllingite, showing only the prism and macro- 
dome, as in fig. 1.* Frequently these two forms are equally 
developed, producing a resemblance to a low pyramid of the 
tetragonal system. Very few even of the most minute crystals are 

* All the accompanying figures. with the exception of fig. 1, were drawn by the 
aid of a camera lucida. and therefore make no pretensions to crystallographic accu- 
racy. Fig. + is magnified about 15 diameters, the others from 40 to 150 diameters. 
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perfect in form, and possessed of sufficiently smooth surfaces to 
allow of even approximate measurement under the microscope. 
Repeated attempts were made to get these in proper position 
under the instrument, but in only one case with comparative 
success, owing to their microscopic size. The angle of the 
prism was then found to be very nearly 122°, that given for 
léllingite being 122° 26’. 


Parallel to the combination edge of the prism and macrodome 
there is almost always on the prism a striation (more coarsely 
marked the larger the crystal), caused by the alternate repro- 
duction of the prismatic and domatic faces. Approaching the 
combination edge the reproduced dome face becomes relatively 
larger than that of the prism, the consequence of which is a 
gradual rounding of the corners and a contraction and eventual 
disappearance of a distinct terminal dome, the result being as 
represented in fig. 2, an ellipsoidal form with a slight ridge 
through the center representing a prism edge. Frequently the 
corners of a crystal, occupying the position of fig. 1, appear as 
if modified by a brachydome, but no such form has been ob- 
served, the replacement being a straight serrated edge, caused by 
the same alternation of faces as in the case of rounded corners. 
Even where the macrodome is well developed it generally 
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shows a continuation in some degree of the prismatic striation 
parallel to the same combination edge. 

The first step toward the complex twin structure is the forma- 
tion of a simple twin, or rather trilling, by interpenetration of 
three single crystals having the basal section in common, and a 
face of the prism as the composition face (fig. 3). A basal sec- 
tion shows a six-rayed star, with angles of very nearly 60°, by 
microscopic measurement, between the axes of the rays. In 
the microscopic twins one individual frequently predominates 
greatly in size over the other two, these appearing often as 
thin leaves, projecting but a short way out of the larger crystal. 
These trillings are finally found again interpenetrating, not ac- 
cording to any recognizable law, but seemingly in every direc- 
tion, and in indefinite numbers, forming thus the complex 
aggregates first spoken of. All these stages of change in form 
may be observed with great ease under, the microscope, the 
very smallest crystals alone showing crystallographic faces well 
defined. As the crystals, single or twin, increase in size, the 
faces gradually grow more and more indistinct, and finally dis- 
appear entirely in consequence of increasing striation. 

Notwithstanding repeated attempts, the basal cleavage men- 
tioned in text-books as characteristic of ldllingite could rarely 
be produced, and never a cleavage in any other direction, ex- 
cept in the case of the trillings. Here an individual frequently 
broke off at the line of union of the three, that is, in a plane 
parallel to the brachypinacoid. 

Aside from the forms distinctly recognizable as ldllingite 
are, however, others belonging, apparently, to two different 
minerals. The first of these became visible on dissolving the 
gangue, when there came to the surface of the acid and the 
water used for washing out the latter a great number of minute 
but brilliant metallic particles which resolved themselves under 
the loupe, and still better under the microscope, into thin leaves 
or blades, of which fig. 4 represents one of the more perfect 
examples. Its forms appear to consist of two pinacoids of the 
rhombic system, one very broad, the other very narrow, and a 
terminal dome having an angle of almost exactly 90° by 
microscopic measurement. The faces are most brilliantly re- 
flecting. Distinct’ cleavage was not observable. The second 
mineral, which is almost always microscopic in size, is repre- 
sented in figs. 5, 6,7 and 8 The prominent form is that of a 
lengthened prism with an angle of very nearly, if not quite, 
90°. Repeated measurements gave values fluctuating between 
88° and 92° as the extremes. It is terminated at right angles 
by a basal plane, the four corners of which are frequently re- 
placed by faces which may be those of a pyramid or two domes, 
according as the habit is pinacoidal or prismatic. The cleavage 
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is parallel to the base. Single crystals are rare, two or more 
being generally seen interpenetrating as in figs. 5 and 6, gen- 
erally at an angle of 90°, or united as in figs. 7 and 8. In the 
latter figure only the outlines, not the faces of the different 
horizontal individuals, are shown, nor do the numerous vertical 
attachments present. appear either in this figure or in fig. 7. 
Occasional instances of three prisms, crossing at right angles 
like the axes of a rectangular system, were observed, and also 
a single instance of the form represented in fig. 9 where each 
of the arms showed a domatic face. The most striking feature 
of all but the last of these different forms is the invariable 
widening at the point of union or intersection, as shown in the 
figures. 

Even an approximate separation of these two minerals from 
each other and from the smallest ]6llingite crystals was impos- 
sible, hence no conclusion could be reached as to their quanti- 
tative composition. Qualitative tests proved them both to be 
arseniates of cobalt, the square prismatic forms containing also 
iron and nickel. An incomplete quantitative test upon a mix- 
ture of these three minerals showed a much higher percentage 
of cobalt and nickel than the analysis of tne pure lollingite. 

Before the blowpipe the léllingite furnished the reactions 
mentioned in the text-books, the residue, after treatment on 
charcoal, being infusible, strongly magnetic, and furthermore, 
giving the characteristic reaction for cobalt with fluxes. Solu- 
ble in nitric acid, giving a pink solution. 

Of the analyses given below, I was made upon clusters of 
l6llingite trillings, free, so far as could be determined by the 
loupe, from attached or penetrating blades or prisms of the 
other two minerals described. As a check, a small quantity of 
the single crystals and trillings was picked out with the utmost 
care under the microscope and subjected to partial analysis (IJ), 
no trace of foreign adherent matter being visible. The specific 
gravity of the material used for the first analysis was 7°335 at 
143°C. Correcting for one-half per cent of siliceous gangne of 
assumed specific gravity, 2°65, the true specific gravity of the 
mineral becomes 7°400. 

II. 


29°69 
4-20 
0°19 


Fe _....... _....... 22°96 
99°75 
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The first of these analyses leads closely to the formula Fe 
(CoNi)As(S),, while II shows beyond a doubt that both cobalt 
and nickel are constituents of the léllingite and not derived 
from attached crystals of either of the other minerals. The 
presence of cobalt recalls the glaucopyrite of Sandberger, 
though the antimony found in that mineral is: here wanting. 
The peculiar comb-like excrescences described by him, indicat- 
ing rhombic twinning by interpenetration, may be analogous 
in some degree to the twinned structure of the present mineral. 

Some varieties of rhombic CoAs,, all of which, according to 
Leroy W. McCay,* should be united under the name safflorite, 
present features remarkably like some of those herein de- 
scribed, notably as regards the tendency to form twins of inter- 
penetration ; and from the presence of cobalt it might be sus- 
pected that this mineral was rather to be considered as safflorite 
than léllingite. Its exceedingly high percentage of iron and 
high specific gravity, as well as the occurrence of a macrodome 
instead of the brachydome mentioned by Sandberger as pecu- 
liar to the rhombic CoAs, render necessary, however, its classi- 
fication with ]éllingite. 

CosaLITeE. 

In the collection of the Colorado Scientific Society, are a few 
specimens of a mineral from the Comstock mine, near Parrott 
City, La Plata County, Colorado, presented by Mr. R. C. Hills, 
according to whom it occurs in a quartz vein associated with 
pyrite, sphalerite, a telluride of unknown composition, though 
probably sylvanite, and native gold. In the specimens exam- 
ined it appears in irregular. inasses of small size, rarely an inch 
in length, never equally thick, and generally much smaller, 
without cleavage or recognizable crystalline structure, except 
for an occasional faint indication of fibrous texture on frac- 
tured surface. The fracture is irregular, color grayish-white, 
but pale yellow on exposed surfaces; hardness about 3°5; 
specific gravity undetermined. 

The outer zone of the small bodies spoken of is found on 
close examination to be a mixture of two or more minerals, 
among which minute grains of pyrite were alone recognizable. 
Sufficient material was however obtained for analysis, free 
from all impurity, except a little pyrite and 1:29 per cent of 
insoluble gangue. This afforded the following reactions: in 
closed tube, sublimate of sulphur; in open tube, formation of 
sulphur dioxide ; on charcoal fusible, giving reactions for lead, 
bismuth, silver and copper; soluble in chlorhydric and nitric 
acids, in the former with precipitation of silver chloride. The 
analysis, after deduction of the gangue, gave these results : 


* Inaugural Dissertation, Freiberg, 1883. 
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Allowing for the iron and a proportionate amount of sulphur 
as pyrite, the atomic ratio deduced from the above is: 


R : B, : § 
2°02 ; 1°00 : 4°98 


showing the general formula for the mineral to be 2RS+Bi,S,, 
wherein R represents Pb and the double atoms Ag, and Cu,. 
The ratio of Ag,+Cu,: Pb is 1: 1°11. 

Although copper was absent and but 2°65 per cent of silver 
present in the mineral originally described by Genth as cosalite, 
it does not appear advisable in the absence of any data as to 
the crystallographic form to consider this a distinct species, but 
to class it, as has been done with bjelkite, under cosalite. 


A PROBABLY NEW MINERAL. 


A portion of the ore from the Missouri mine, Hall’s Valley, 
Park County, Colorado, is composed largely of a sulpho-bis- 
muthite of copper and silver. It occurs in a quartz gangue asso- 
ciated with chalcopyrite and wolframite, and although the latter 
is only visible on close examination, it comprises from one to 
two per cent of the whole, as found by special tests. 

A considerable quantity was extracted by chemical and me- 
chanical means, free from all foreign matter, except a little 
attached quartz, and was proven to be wolframite by qualitative 
chemical tests and by a determination of the specific gravity. 

The mass of the sulpho-bismuthite appears throughout the 
quartz as a dark bluish gray substance without distinct forms 
of crystallization. In numerous cavities appear small slender 
crystals, generally bronzed by oxidation and so deeply striated 
as sometimes to present the appearance under the loupe of 
bunches of needles. Occasionally they seem to be joined to- 
gether laterally, forming thin corrugated plates. Owing to this 
deep striation no crystal faces can be detected either on the sides 
or the free terminations. The habit is strikingly like that of 
bismuthinite, for which the crystals were, indeed, at first taken. 

After several days’ labor, enough material was removed from 
the cavities for the determination of the metals. It could not, 
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however, be freed altogether from quartz and chalcopyrite. 
The specific gravity at 17° C. was 5°75. Making correction for 
4°43 per cent of quartz and 698 per cent of chalcopyrite of 
assumed specific gravities 2°65 and 42, this becomes 6°31. The 
analysis appears under I below. 

The more compact material, excluding as far as possible, the 
needles, gave, after deducting 59°75 per cent of gangue, the 
results under II. 

III is the analysis of a mineral presented by Mr. William 
McCree as coming probably from the Missouri mine. In ap- 
pearance it differs in no respect from the compact material 
already described, except that no chalcopyrite is distinctly 
visible in the small specimens at my disposal and the quartz 
grains are less firmly cemented together. It contains, however, 
some lead which is entirely wanting in the other specimens 
analyzed, although the general formula is the same, hence I am 
led to believe that it came from some other portion of the 
workings or from an adjacent mine where ore like that from the 
Missouri mine is reported to occur. The specific gravity was 
3°869 at 15° C., which becomes 6°680 on making correction for 
47°57 per cent of gangue of ascertained specific gravity, 2°643. 

The most marked blowpipe reactions for I, II and III were 
entirely similar, a sublimate of sulphur appearing in the closed 
tube, sulphur dioxide escaping in the open tube and the fused 
fragment or powder on charcoal affording the bismuth reactions 
with great intensity. All were soluble in nitric and chlorhy- 
dric acids, in the latter with precipitation of silver chloride. 


I. I. III. 
Bi 60°80 63°42 62°51 
Ag 0°89 40 9°89 
Cu 15°96 12°6 6°68 
Pb 2°74 
Fe 2°13 0°59 0°10 
Zn 0°10 0:07 0°07 
19°94* 18°83* 17°90 


99°82 99°65 99°89 


After subtracting from I, 6°97 per cent ; from II, 1°91 per 
cent, and from III, 0°33 per cent of chalcopyrite with the pro- 
portions of sphalerite represented by the zinc, the atomic ratios 
become : 

R Bi, : 
3°00 3°91 > «14°75 
3°00 ~ 3°99 : 14°98 
3°00 ; 4°06 > 15°15 


* Calculated. 
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where R repesents Pb and the double atoms Ag, and Cu,. In 
each case the ratio is nearly 3:4: 15, which leads to the gen- 
eral formula 3RS+4Bi,S,,. 

It seems probable that the needle-like crystals are a pure 
sulpho-bismuthite of copper and that, in the more compact por- 
tions, silver replaces a portion of the copper and in some cases 
a further replacement of copper by lead takes place. 

This ore from the Missouri mine is auriferous. The material 
used for analysis II, gangue and sulphide together, assayed 
1°85 ozs. gold to the ton. Mr. Richard Pearce, of the Boston 
and Colorado Smelting Works assures me that it is frequently 
much richer, running as high as 40 ozs. to the ton. 

Before conferring a name upon this mineral or even definitely 
claiming it is a new species, I purpose investigating more fully 
the similar ores which are said to occur in other mines in the 
neighborhood of the Missouri mine. As this further investi- 
gation will, of necessity, be postponed for some time, the re- 
sults already arrived at are now put on record. 


HUBNERITE. 


Tn the collection of the Colorado Scientific Society are speci- 
mens of hiibnerite from the Royal Albert vein, Uncompahgre 
District, Ouray County, Colorado, presented by Mr. R. C. Hills, 


The mineral occurs in long flattened crystals vertically stri- 
ated, imbedded in quartz, but none sufficiently well formed 
for measurement could be extracted, in fact, definite faces 
are rarely visible, though two prisms and the orthopinacoid 
have been observed. The luster is subvitreous to resinous 
and the color brownish-black to pale yellow in very thin orys- 
tals. In transmitted light the color is ruby-red to yellow 
slightly tinged with green when the thickness is not too great. 
Extinction takes place parallel to the vertical axis in a plate 
parallel to the orthopinacoid and at an angle of 19° to 20° to the 
same axis in a cleavage section parallel to the clinopinacoid, 
as observed by DesCloizeaux for wolframite. In the plates 
parallel to the orthopinacoid a tendency to cleave at right 
angles to the clinopinacoid and also at angles approximating 
61° and 68° to the same face was observed. The specific gravity 
at 24° C. is 7-177 and the composition as follows : 


100°02 
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which agrees very closely with that required by theory for the 
formula MnW0O.,,. 

This mineral is also found in a mine near Phillipsburg, Mon- 
tana Territory, according to Mr. Richard Pearce. The speci- 
mens in the collection of the Colorado Scientific Society show 
large flattened crystals of imperfect form in quartz. Mr. A. H. 
Low, Chemist at the Boston and Colorado Smelting Works, 
has analyzed the mineral approximately and found— 


Art. XLII. — Notes on American Earthquakes: No. 18; by 
Professor C. G. Rockwoop, Jr., Ph.D., Princeton, N. J. 


TuIs article, the thirteenth in the series, embodies such 
notices as have come to the knowledge of the writer in regard 
to the earthquakes which occurred in North and South 
America and the adjacent islands, during the vear 1883. The 
information has been derived from the current newspapers ; 
from the Monthly Review of the U. S. Signal Service; and 
from Professor F. E. Nipher, Director of the Missouri Weather 
Service; Charles Carpmael, Superintendent of the Canadian 
Meteorological Service; and J. M. Batchelder of Cambridge, 
Mass. 

Items which are regarded as doubtful are, as heretofore, 
printed in smaller type; and in many cases the source of the 
information is indicated. Also, to avoid the danger of con- 
founding a.m. and p.m. dates, the system of numbering the 
hours of the civil day from one to twenty-four has been adopted. 


1883. 


Jan. 1.—At 2" 58™ and 8 28™ two earthquake shocks at Addi- 
son, Me.— U. S. Weath. Rev. 

A shock in other parts of Maine and Nova Scotia about 22" on 
the previous day was noticed in the last report (this Journal, xxv, 
p- 360). 

Jan. 6.—Between 2" and 3" a shock was reported to have been felt in northern 
Ohio.—N. Y. Times. 

Jan. 9.—At 3" a shock from east to west at Huntingdon, Ont.— 
Canadian Meteorol. Serv. 

Jan. 11.—Between 1" and 2" a decided shock was felt along 
the Mississippi River, from St. Louis, Mo., to Memphis, Tenn. 
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It was reported from numerous places as far east of the river as 
Shelbyville in central Illinois, Shawneetown on the Ohio River, 
and Clarksville and Nashville, Tenn., and from places in south- 
eastern Missouri; but does not seem to have been felt west of a 
line joining St. Louis and Memphis, unless a doubtful report from 
Protem, Taney county, in southwestern Missouri, of a slight 
shock at about 12" of the 10th is to be referred to the same, 
which does not seem probable. The most careful statement of 
time was from St. Louis, where the report was: ‘ Four distinct 
shocks, beginning at 1" 11™ 30°, each shock followed by tremors 
lasting five to ten seconds, direction S.E. to N.W., no sound, 
entire time 50 to 60 seconds.” At other places the time was 
given all the way from 1" to 2", with a preference for 1:15 or 
1:20. In most of the reports no mention is made of more than 
one shock; but at Memphis three were noted, and at Cape Girar- 
deau, Mo., two; while at Anna, IIl., a slight shock had been 
noticed at 14" 25" of the 10th. The severity of the movement 
was greater than in either of the two earthquakes which in the 
September and October previous had affected this region. Build- 
ings were rocked, chandeliers caused to swing, engine bells rung, 
etc. The greatest motion was reported from Cairo, IIl., and 
vicinity, which also is about the middle of the area shaken. 


Jan, 11.—At 19" 34™ a strong earthquake shock was felt at 
Iquiqne, Pisagua, Dolores, Posa Almonte, La Noria and Huanil- 
los, allin southern Peru. The motion lasted about 30 seconds, 
and a lighter shock followed a few minutes afterward. 


Jan. 23.—At 5" a slight earthquake at Los Angeles, Cal., vibra- 
tion from north to south. Two distinct shocks were felt, separated 
by an interval of about two seconds.— U. S. Weath. Rev. 


Jan, 23.—At 23" 40" a sharp shock at San Francisco, Cal. and 
vicinity.— U. S. Weath. Rev. 

Feb, 4.—At 5" a distinct shock was felt at Bloomington, IIL. 
and at various places in northern Indiana and southern Michigan. 
At the former place a prolonged rumbling was heard, followed 
by the shock. At St. Louis, Mo., this shock was noticed by 
several observers, as “two sharp sounds about four seconds 
apart,” which were not at first attributed to subterranean causes, 
until it was found that they had been heard by many persons, 

Feb. 4.—At 15" 5™ a slight shock was felt at Wolfborough, 
N. HH., followed ten minutes later by a second shock which was 
also reported at Cornish, Me., at 15" 16™. 

Feb. 5.—At 10° 37" a sharp shock was felt at Panama and in 
adjacent parts of the Isthmus. ‘The Central and South American 
Company’s submarine cable was somewhat injured. 

Feb. 6.—At 16" 30" a slight earthquake at San Diego, Cal., 
direction of movement from north to south.— U. S. Weath. Rev. 

Feb, 27.—At about 22" 20™ what appeared to be a double 
shock of earthquake, accompanied by loud noises, was felt in 
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southeastern Connecticut, southern Rhode Island and adjacent 
aye of Massachusetts, and was so reported by many newspapers, 
t appears, however, that a brilliant meteor passed over the 
country, at a low elevation, at the same time, and an investiga- 
tion of the occurrence by Prof. H. A. Newton of Yale College, 
renders it probable that all the phenomena of vibration and noise 
were due to the explosion of this meteor and not to an earthquake. 

Feb. 28.—' A strong earthquake shock was felt at Monte Christo, province of 
Manobi, Ecuador. The earth trembled for several seconds, but no damage was 
done.” —Newark (N. J.) Daily Advertiser. 

Mar. 5.—A shock at Tarbo, State of Cauca (U.S. of Colombia), 
extending to Carthagena on the Atlantic. 

Mar. 7.—At 23" 23™ a slight shock at Andes, Chili. 

Mar. 8.—At 15" 10™ a slight shock at Copiapo, Chili. 

Mar. 8.—At 18" an earthquake was felt on the Isthmus of 
Panama and widely through adjacent portions of the States of 
Colombia. At Carthagena and Turbu at the mouth of the 
Atrato it was sharp but not dangerous. In the State of Antioquia 
it was more severe; and in the towns of Antioquia, Santa Rosa, 
Yarumal and others, the cathedrals and other buildings were 
injured. 

; This and the three preceding notices are from Panama letters 
in the N. Y. Times. 

Mar. 11.—At 10" 57™ and 11" 7™ two distinct shocks felt at 
Waterloo, St. Johns, and Cowansville, Quebec. 

Mar. 11.—At 18" 57™ a slight shock with rumbling, was felt in 
parts of Harford and Baltimore Counties, Maryland; sufficiently 
strong to rattle dishes and alarm many people. <A second shock 
was reported to have occurred between midnight and 1° of the 12th. 

Mar. 23,—At 21" 25" a slight shock at Huntingdon, Quebec.— 
Canadian Meteorol. Serv. 

Mar. 27.—At 20" 35™ a slight shock at Iquique, Peru, preceded 
by rumbling noise.—. Y. Times. 

Mar. 30.—At 7" 48™, 7° 52™ and 8" 15™ light shocks were felt 
at San Francisco, Cal. and southward. At Watsonville, Santa 
Cruz County, nine shocks were felt; at Hollister, San Benito 
County, plate glass windows were broken, and brick walis 


cracked. 
April 1.—At 1" a smart shock at Hamilton, Ont.— Canadian 


Meteorol. Serv. 

April 2.—At 8° 50™ two light shocks, north to south, at San 
Francisco, Cal.— U. S. Weath. Rev. 

April 12.—At 2" 36™ a shock was felt at Cairo, III, lasting 
thirty seconds, vibration 8.S.W. to N.N.E. 


‘April .—Newspaper advices from Panama late in June, contain vague reports 
of seismic phenomena in the valley of the Atrato, States of Colombia, occurring 
during the last of April, by which Rio Sucio, forty miles from the Atlantic and 
Turbo, on the Gulf of Uraba, suffered injury; but reliable details of the phenomena 


have not come to hand. 
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May 1.—10" and May 4.—14" 30", earthquakes are reported to 
have occurred in connection with an eruption of the volcano 
Ometepe, on the island of the same name, in Lake Nicaragua. 
News of the occurrence first reached the New York papers, via 
Panama, on July 4, in a vague and probably exaggerated form. 
Although the fact of some eruption there seems to be confirmed 
by later advices, no reliable details are known. 


May 4.—At 11" 45™ a slight shock at Helena, Montana, from 
east to west. 

May 10.—During the night of the 10th-11th a shock from 
north to south was felt in Victoria, British Columbia. 


‘May 19.—A severe earthquake occurred in Ecuador, creating 
alarm in Quito and still more in Latacunga, fifty-five miles south 
of Quito, where a number of houses were overthrown. The 
neighboring villages also suffered very severely. An officer 
stationed in the village of Toacaso reported the first shock at 
17" 30", a second and more destructive one between 23" and 24", 
and during that night sixteen shocks; while occasional shocks 
occurred during the succeeding days. An eruption of Cotopaxi 
was in progress at the time. 

May 21.—* At 7 a. Mm. a slight earthquake was felt at Mompos, 
on the river Magdalena, in the State of Bolivar; which was fol- 
lowed by a sharper one at 2 A. M. on the 22d, on which da 
shocks were also felt at San Salvador and Guayaquil.”—W. Y. 
Herald. 

May 22.—At 23" 30™ two distinct shocks were felt at Catletts- 
burg, Ky. 

May 28.—At 21"°55™ two earthquakes occurred in Valparaiso, 
Chili, in rapid succession. 

June 3.—At daylight a strong and somewhat prolonged earth- 
quake was experienced in Callao, Peru, but did no damage. At 
1" 30™ the same day, a much slighter movement was felt in Lima. 


June 10.—At 9" a shock lasting six seconds at Martinique, 
West Indies.—J. B. 


June 19.—A new volcanic outbreak, accompanied by earth tremors, is reported 
to have occurred in the island of Ometepe in Lake Nicaragua. 

June 21 and 23.—Several earthquake shocks were experienced 
at Andes, Chili; and at 2" 55™ of the 23d a sharp shock was felt 
at Valparaiso. 

July 1.—At 3" a slight shock at Carson City, Nevada.— J. 8, 
Weath. Rev. 

July 6.—At 11° 15™ a light shock at Cairo, IIL. lasting five 
seconds. 

July 7.—At 10" 50™ a light earthquake at Los Angeles, Cal., 
direction not determined.— U. S. Weath. Rev. 

July 7 and 9.—At midnight on the 7th and at 2" on the 9th, 
sharp shocks were felt in San Salvador.—N. Y. Times. 
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July 14.——At 1" 30™ a light shock, lasting eight seconds, at 
Cairo, IIl., reported also at Wickliffe, Ballard Co., Ky. 

July 20.—At 16" 48" a severe shock was felt at Panama, 
direction west and Times. 

July 30.—Two shocks, with rumbling sound, were reported at Gilroy, Cal.; 
hour not stated.—. Y. Times. 

Aug. .—Surgeon Main, at Brownsville, Texas, in a report to 
the Surgeon General of the Marine Hospital Service, says: “ Early 
in August there was an earthquake shock at Pachuca, Mexico, 
causing twenty deaths and the destruction of twenty houses.” 

Aug. 4.—At 11" and 12” 50™ light shocks, east to west, at 
Oakland, Cal.— U. S. Weath. Rev. 

Aug. 19.—At 2" 55™ three slight shocks at Carson City, Nev. 
—U. 8. Weath. Rev. 

Aug. 27.—Prof. Geo. Davidson of San Francisco, reported to 
the U. S. Coast Survey, that at 1" earthquake waves commenced 
to be recorded on the Saucelito tide gauge and continued to be 
observed during the 28th; height of waves one foot, time between 
crests about forty minutes. These waves were at first referred to 
the great explosion of Krakatoa in the Straits of Sunda, which 
took place on the same day about six or seven hours, actual time, 
before the time here stated. While this is possible, is it not 
more probable that they were due to some of the seismic phe- 
nomena vaguely reported as having occurred in the Aleutian 
Islands? (c. f. Oct. 6, this article). 

Aug. 28.—At Talcahuano, Chili, earthquake waves were re- 
ported, commencing just before noon and continuing the rest of 
the day. These were very likely to be referred to the Krakatoa 
explosion on Aug. 27th. 

Aug. 28.—At 22" a sharp shock was felt at St. Thomas, West 
Indies.—N. Y. Times. 

Aug. 29.—At 20" a strong shock of earthquake lasting about 
fifteen seconds was felt at Guayaquil. At the same time there 
were reports of shocks felt in Salvador, Colombia and Ecuador, 
but no details are known to the writer. 

Aug. 30.—Two shocks at St. Thomas, W. I., almost simultan- 
eous; the first light, the second severe.—WV. Y. Times. 

Sept. 1.—At 8" 25" a light shock at Los Angeles, Cal., vibra- 
tion north to south, followed by a second shock after four 
seconds.— U. S. Weath. Rev. 

Sept. 5.—At 4" 30™, shocks were felt at Los Angeles, Santa 
Barbara (4" 15") and Wilmington, Cal., the vibrations were N.E. 
to S.W. and were sufficient “to cause chandeliers to sway with 
considerable motion.” 

Sept. 6.—At 23" prolonged shocks were felt at Lima, Peru.— 
U. 8. Weath, Rev. 
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Sept. 10.—At 4° 10" a strong shock at Lima, Peru, duration 
15 seconds, direction 8. to N. 

Sept. 13.—Panama advices of Oct. 28 say that a strong earth- 
quake and rumbling noises occurred at Cucuta, Santander, on 
this date, and that on the previous day a movement had been 
felt at Santa Rosa, Manizales and Medellin.—\. Y. Times. 


Sept. 13.—At 14" 30" a shock, lasting five seconds, at Santa 
Barbara, Cal—U. S. Weath. Rev. 

Sept. 21.—At 6" 45" a heavy rumbling noise followed by an 
earthquake shock, occurred at Greensborough, Guilford Co., N. 
C.—U. 8S. Weath. Rev. 

Sept. 28.—About midnight two slight shocks were felt at Portland, Oregon.— 
N. Y. Times. : 

Oct. 6.—About 8" occurred a heavy explosion at Mount St. 
Augustin, on the coast of Alaska, by which the mountain peak 
was split in two and a series of earthquake waves started in the 
neighboring seas. It was followed by a period of volcanic activ- 
ity lasting for some weeks. For further details the reader is re- 
ferred to an article by Professor Geo. Davidson of the U. 8. 
Coast Survey, in Science, vel. iii, p. 186. 

It may be added that there have been reports of volcanic 
activity at other points in the peninsula of Alaska, and in the 
chain of Aleutian Islands, notably at Bogoslov near Unalashka, 
during the summer and fall, but authentic details are not yet at 
hand. See articles by W. H, Dall, Science, iii, 89, and Geo. 
Davidson, Science, iii, 282. 

Oct. 9-10.—At 23" 3” of the 9th, two light shocks, of about 
two seconds duration, were felt at San Francisco and vicinity. 
At 1" 2 of the 10th, a much more severe shock followed. It 
was felt somewhat widely through the surrounding country and 
was most severe on the bay of San Francisco, opposite that city, 
but only slight damage was done. At Oakland loud and pro- 
longed rumbling noises accompanied the shock. The direction of 
vibration was north and south. 

Oct. 13-14.—On these dates the tide-guage at Colon, Isthmus 
of Panama, indicated abnormal movements of the sea, which 
were referred to earthquakes at Santander and Guayaquil; but 
no other account of earthquakes at these places on those dates 
has reached the writer. The tide-guage of the island of Naos 
on the Pacific showed nothing abnormal. 

Oct. 15.—An earthquake “at night” at Point des Monts, on 
the Gulf of St. Lawrence.— Canadian Meteorol. Serv. 

Oct. 16.—At 3" 15™ a slight shock at Cape Mendocino, Cal.— 
U.S. Weath, Rev. 

Oct. 17.—At 3 30™ a shock at Contoocook, N. H.—J. M. B. 

Oct. 20.—About 13" 15" a sharp shock was felt throughout the 
island of Bermuda, but no damage was done. The oscillation 
continued ten seconds, the direction being from west to east. 


364 C. G. Rockwood—American Earthquakes. 


Oct. 24.—At 16" 14™ a severe shock, continuing about fifteen 
seconds, occurred at Cape Mendocino, Cal., direction from 8.8. W. 
to N.N.E.—U. 8. Weath. Rev. 

Oct. 30.—“In the morning ” two light shocks at Oakland, Cal., 
from north to south.— U. S. Weath. Rev. 

Nov. 4.—A shock at Cove Creek, Utah.—N. Y. Tribune. 

Nov. 5.—A strong earthquake “at night ” at Point des Monts 
on the Gulf of St. Lawrence.— Canadian Meteorol. Serv. 

Nov. 11.—At 18" 15" a slight shock at Poway, San Diego Co., 
Cal._—U. 8S. Weath. Rev. 

Nov. 13.— Panama advices of Nov. 17th say: ‘‘ Slight earthquake shocks were 
felt on the Isthmus on the 13th inst., and a week earlier other shocks occurred.” 
— Newark (N. J.) Daily Advertiser. . 

Nov. 22.—At 11" two shocks at Point des Monts, Gulf of St. 
Lawrence.— Canadian Meteorol. Serv. 

Dec. 5.—At 9" 20" shocks occurred at Melbourne, Izard Co., 
and Rovenden Springs, Ark., accompanied by a loud noise. 

Dec. 12.—At 23" 40™ a slight shock occurred at Los Angeles, 
Cal., and on the 13th another.— UV. S. Weath. Rev. 

Dec. 16 ?—At 15" a slight shock at Poway, San Diego Co., Cal. 
—U.S. Weath. Rev. 

Dec. 22.—At 20" an earthquake at Point des Monts, Gulf of St. 
Lawrence.— Canadian Meteorol. Serv. 


The foregoing notes include seventy-eight notices, of which 
nine are in small type. They are distributed by localities as 
follows : 


8 
3 
Atlantie States 2 
Mississippi Valley 
Mexico 1 
Central America, Colombia. Venezuela, Ecuador 14 
Peru and Chili 10 

9 

8 


The following may be ee as the more important earth- 
quakes of those above noted: Jan. 11, Cairo, Ill. ; Mar. 8, Pan- 
ama; May 19, Ecuador; Aug. , Mexico; Oct. 6, Alaska. The 
great majority of the shocks w were vel "y mode ‘ate and caused 
little or no damage. 

Princeton, N. J., Mar. 26, 1884. 
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ArT. XLITL—Thermometer Exposure; by H. A. Hazen. 
[Read before the Philosophical Society, Washington, D. C., October 13, 1883.] 


THE subject of thermometer exposure may be discussed under 
two general divisions. The first of these relates to the locality 
in any large region where the thermometer shall be exposed, in 
order that it may give the true air temperature of the locality. 

The second relates to the immediate environment of the 
thermometer which shall fulfill the same requirement. 

Under the first of these divisions: height above ground ; 
proximity of trees or houses; freedom of access of air; absence 
of local heat effects; character of ground, ete., are all import- 
ant. A great diversity of opinion relative to many of these 
points exists, but it may be said that a good height above 
ground and no interruption of the wind seem essential. If a 
thermometer is too near the earth’s surface it will be affected 
unduly by dampness and fog which has a tendency to settle at 
a low level, and moreover, unless exposed on the summit of a 
hill, there will be danger of an interruption to the wind, so 
that in hot, nearly calm weather the air will become stagnant, 
thus vitiating the result we seek. For example, mean monthly 
temperatures from a maximum thermometer 4} feet above 
ground in New Haven, Conn., were from four to five degrees 
higher during the summer months, than from a maximum 
thermometer, having free access of the wind, on a roof 111 
feet above the ground, and about 500 feet from the first 
thermometer. 

Careful experiments upon an open scaffolding at heights up to 
80 feet have been made under the direction of Professor Wild, 
of St. Petersburg. Little difference was found in the warmer 
months in the air temperature of different heights. In general 
also the relative humidity was higher near the ground with a 
few uotable exceptions, for example, the following table ex- 
hibits the mean relative humidity for four months’ observa- 
tions. 

Relative humidity at various heights. 
Month. 19 Meters. Meters 26°3 Meters. 
June, 1873, 63°3% 59°0% 
July, 62°2 62°0 
June, 1874, 51°6 56°8 
July, 721 714 


It seems impossible to explain these peculiar results which 
do not follow any law with respect to height; on the whole, 
however, the humidity has a tendency to increase with ap- 
proach to the earth’s surface. 
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In order to show the importance of obtaining a proper 
locality for exposing a thermometer, table I is given which 
shows temperature and humidity at various places in Wash- 
ington, D.C. (These and many other experiments have been 
tried and introduced in this paper since its original presenta- 
tion to the Philosophical Society). 


Tas.e I. 


Date. Time. | Locality. y: R. H. Dist.fr’m Roof. 


1883. 
Nov. 17. 6.45 P. M.| Roof. 
6.50 Roof. 
Roof. 
Pa. av. and 17th st. 
Pa. av. and 164 st. 
I and 15th st. 
K and 15th st. 
M and 15th st. 
| R. Island av. and 15th st. 
P and 15th st. 
Q and 15th st. 
Corcoran and 15th st. 29° 25° BY | Tl 
=14 mile. 


CO W 


Roof. 
Roof. 
On ground. 
Pa. av. and 164 st. 
Hf and 16th st. 
L and 16th st. 

O and 16th st. 
Corcoran and 16th st. 
R and 16th st. 
Corcoran and 15th st. 


4°93 
2°6 


de 


Corcoran and 16th st. 
P and 16th st. 
M and 1¢€th st. 
Hi and 16th st. 
Pa. av. and 17th st. 
Roof. 


On November 19 there is a remarkable difference of over 
11° between the extreme stations with a corresponding differ- 
ence of 23 per cent in the relative humidity. ‘I'he results are 
not strictly comparable owing to the difference in time between 
the observations, yet as the temperature was changing but 
slowly this consideration can have little weight. Experiments 
are still under way relative to this matter. 

Taking up now the second division of the subject, we find that 
the necessity of an uniform and satisfactory shelter or screen 
for thermometers has long been recognized. The international 


Nov. 19, 6.45 P. M.| 48:2 | 410 | 48 

106 * 48°] 41°0 | 49 

‘i 53 

4 

42°: 37°3 

39 35:9 64 

38 35°1 66 

38 349 68 

8.00 | 36 34:0 71 

| 37% 34°7 71 

Nov. 20. 6.30 A. M. 31-4 | 303 | 88 

31°9 30°4 84 

32°0 30°4 | 83 

319 30°3 | 83 

33°1 31°3 | 82 

7.03 * 35°9 32°8 70 

7.08 * i | 36°3 33°1 69 
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meteorological council, at the Berne meeting, while not recom- 
mending any particular form of shelter, yet urged the desira- 
bility of more extended experiment. Thermometers suspen- 
ded in free air, in the shade of a dwelling or wall during the 
day, will give an approximate daily local temperature though 
generally too low both day and night. If, however, it be 
desired to critically study the past records, or what is more 
important to compare observations, whether mean or daily, at 
different stations it will manifestly be necessary to eliminate 
from them all effects of improper exposure. 

It may be argued that the most important consideration is 
that of uniformity and that constant errors may be neglected, 
provided they are the same in all the exposures. If, however, 
varying atmospheric conditions diminish or intensify constant 
sources of error, it is wise to avoid these as much as possible. 
The essential point to be regarded is that a shelter shall at 
any and all times give an air temperature influenced as little 
as possible by harmful causes. 

To accomplish this the following conditions must be realized 
if possible. 1st. There should be a perfect access of the air, 
whose temperature we wish to ascertain, to the thermometer. 
It will be seen that under all circumstances this is necessary 
for even if, as is frequently done, an artificial means of veutila- 
tion is employed, yet if the shelter affects in any way the air 
temperature or prevents the free circulation of air, it must to a 
certain extent vitiate the result obtained from the air propelled 
to or stirred about the thermometer. 

2d. The shelter should shield, from all reflected heat, from 
direct radiation from the sun by day, to the sky by night, and 
from radiation from surrounding objects. 

3d. No moisture should reach the thermometer. 

The questions to be answered by experiment then, are, 
which if any of these conditions may be neglected, and what 
is the best form of shelter for accomplishing the desired result. 

The forms of shelters adopted by different countries have 
been exceedingly diverse. That of the French, the “ Renou” 
stand, consisting of a nearly horizontal platform under which 
the thermometers are exposed at 64 feet above sod, very nearly 
fulfills the first condition above. The east and west side 
pieces however, employed for screening from the morning and 
afternoon sun, would seem to check very light winds on those 
sides, and there does not seem to be sufficient provision against 
soil or sod radiation. A shelter similar in plan to this has been 
adopted as a standard in Melbourne, Australia. This shed has 
144 square feet of horizontal surface, two roofs, of galvanized 
iron, nine inches apart, the ridge of the outer roof eight feet 
above ground, the thermometers suspended in a wire cage one 
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foot below the inner roof. On the east and west are louvres to 
shield it from the rising and setting sun. In calm weather it 
would seem as though this shed would give too much shade. 

In England, the Glaisher stand has been largely used. This 
consists of an upright frame which is rotated with the sun’s 
motion so as to keep one side, on which the thermometers are 
placed at about four feet above sod, continuously in the shade 
of the frame. Professor Wild has shown that this stand may 
give four or five degrees too high temperature by day from sod 
radiation, and at night the same number of degrees too low by 
radiation to the sky and from surrounding objects. The 
Stevenson shelter is also in great favor in England, and con- 
sists of a cubical screen, of double louvres, 18” long and high 
and 10” wide. This is placed at a height of 4’ above sod. 
Professor Mohn, of Christiania, has shown that in the sun this 
shelter gives too high values. It is undoubtedly too small and 
close to give good results. A shelter similar to the above has 
been devised by Rev. F. W. Stow, of England. (Quart. Jour. 
Met. Soc., vol. viii, p. 234.) This is somewhat larger than Ste- 
venson’s and has metallic louvres instead of wooden. It has 
the advantage of great ease in construction and of good ven- 
tilation. 

In Spain a double metallic shelter has been used. This has 
an inside louvre box 14X14X17 inches, between the inside 
and outside louvres there is a free air space and connected with 
this there is a common vane ventilator. In Russia, Professor 
Wild has constructed a novel form of shelter which has attrac- 
ted much attention. This consists of a large cubical frame of 
wood, having the south side and roof double boarded (the free 
air space between these boards is connected throughout), the 
east and west sides of single louvres and the north side entirely 
open. There is no bottom but upon a cross-piece inside 1s 
placed a metallic screen of four quarter cylinders upon a cen- 
tral spindle, with the top and bottom cone-shaped. These 
cones have their elements parallel, thus causing more or less 
draft. The two opposite, outside quarter cylinders are rotated 
upon the spindle so as to expose to view the thermometers. 
The latter are at a height of 11 feet above sod. This form of 
shelter is open to the objection that it prevents a free access of 
air, the double boarded south side cutting off all south wind is 
especially unsatisfactory in this regard. 

It is of the utmost importance that there should be a stand- 
ard of comparison in all experiments, and this we have in the 
swung thermometer, called by the French thermometer fronde, 
which is a common thermometer attached to a string or wire, 
and rapidly swung through a circumferance whose radius is 
the length of the string. After experimenting some time a 
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form of dry and wet bulb “fronde” was devised, which has 
been in constant use since and has given good satisfaction. 
The thermometers were lashed together, the stem of one two 
inches longer than the other, in such a manner as to bring the 
wet bulb about two inches below the dry. This permits of im- 
mersing the wet bulb without wetting the dry. A few swings 
only are needed in making an observation, it is swung perhaps 
forty or fifty times, then read, swung again and read, etc., it 
seldom requires more than three attempts except in very cold 
weather, 0° and below. This “fronde” 1s especially com- 
mended for experiments upon temperature and hygrometric 
conditions at any place where it is proposed to establish a me- 
teorological station. 

The theory of this thermometer is that since it is rapidly 
brought in contact with a large mass of air it must give its tem- 
perature unless the results are vitiated by other causes. It has 
been objected, for example, that friction with the air will tend 
to raise the temperature, and that the centrifugal force will on 
the contrary tend to depress the mercury column. Repeated 
experiments at low and high velocities (3 and 18 miles per 
hour), have invariably given the same results, showing that these 
causes do not produce harmful effects at any velocities possible 
by hand. This standard has been compared by Professor 
Wild with his shelter just described, and he concludes that 
during the day it shows about 0°7° too high a temperature, 
while at night it gives the same amount too low. It may be 
regarded as an open question whether this does not show that 
the difficulty was in the shelter rather than in the so-called 
standard. In order to make comparisons with any thermome- 
ter by day, it is essential to determine the effect of the sun or 
to shield from it. One of the difficulties met with in the use 
of “fronde” has been its extreme sensitiveness to the slightest 
air current, requiring several trials at each observation the 
mean of these giving the temperature sought. T'o determine 
the effect of direct sun heat, trials were made in the shadows 
of high isolated trees and in the shade of Washington monu- 
ment, when the air was still or had very little motion, with the 
result that at midday with a clear sky, in the summer time, the 
temperature given by “fronde” may be ‘7 to 1:0 degree 
higher in the sun than in the shade. It cannot be considered 
however, that such a shade temperature as was used represents 
the exact air temperature, but it was nearly correct, perhaps the 
true value of the air temperature was somewhat higher, and 
that the effect of the sun heat is a little less than 0°7°. 

Since a thermometer exposed to the clear sky reads at times 
one degree lower than if sheltered, we might conclude that the 
‘‘fronde ” will be liable to the same effect unless entirely over- 
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come by its rapid motion through a large body of air. Obser- 
vations on clear nights in September and October have shown 
the “fronde” sometimes ‘2 or ‘3 degrees higher and some- 
times the same amount lower than a thermometer from which 
all radiation was cut off. Experiments are still needed in sum- 
mer and in different situations to fully settle the question, but 
it seems probable that the “ fronde,” if shielded from direct 
sun heat during the day, will give at all times the most accu- 
rate temperature that can be obtained. 

The following brief description of some of the previous 
experiments in this field, will serve as an introduction to subse- 
quent work. Possibly the most complete results hitherto pub- 
lished are those from observations taken, under the auspices of 
the English Royal Society, upon a large open field at Strath- 
field Turgiss. The observations were taken at 9 A. M., 3 P. M., 
and Pp. M., from November, ’68 to April, ’70 inclusive, January, 
"70 only being omitted. The stands tested consisted of eight 
forms ranging between the open stand like Glaisher’s and the 
closed like Stevenson’s. As a result of these tests it was deci- 
ded that the Stevenson was least faulty, though it was not 
claimed that even this was all that could be desired, and espe- 
cially as regards bygrometric observations. 

Another series of tests has been published in a Quarterly 
Report fcr 1880. These consisted in readings at Kew, at 9 a. 
M. and Pp. M., from June ’79 till November ’81, of thermome- 
ters in a Stevenson stand 4’ 4” above sod and in a Wild's 
shelter near the former but 12’ above sod. The published 
cut of the photograph of the outside wooden structure of the 
latter, however, shows louvre work on the south side and indi- 
cates that Professor Wild’s idea was not fully carried out. The 
result would have been somewhat different if the south side of 
the Wild shelter had been closed. The means showed nearly 
identical temperature in the two shelters, the Wild reading 1° 
lower. The mean of the maximum was ‘3° higher and of the 
minimum ‘6° lower in the Wild. ‘The monthly mean relative 
humidity ranged from one to two per cent lower in Wild's. 
Comparing individual differences between the two the highest 
that Wild’s read above the other was 1°9° while the lowest was 
3°5° (it would be a matter of. much interest if the atmospheric 
conditions giving such large differences between two shelters so 
near each other could be studied). These comparisons would 
seem to show a lack of ventilation in the Wild shelter as that 
was so much higher than the other that the wind should have 
had freer access to it. Also a mere agreement between the 
two cannot be regarded as proving the accuracy of either, but 
since there are manifest defects in the Stevenson we may con- 
clude that neither is satisfactory. Comparisons are also given 
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between the Stevenson shelter and the Kew thermograph 
records which show the latter ‘49° higher at 9 A. M. and ‘82° 
lower at 9 P.M. Possibly these differences may be due in part 
to a freer exposure of the thermograph to the air. 

In entering upon a series of experiments it was deemed best 
to construct a so-called Pattern shelter, whose main points 
should be good size and a free access of air to the interior. 
This shelter is 4X3X8 feet with single louvre work on all 
sides three inches wide and inclined at an angle of 80° to the 
horizontal. The roof is double and the bottom close. The north 
side is a door which can be removed. By the kindness of Mr. 
Clark, opportunity was granted for conducting the experiments 
upon the roof of one of his buildings in a thickly settled part 
of Washington. This roof is about 60 feet above ground, and 
is free to air currents save from the southeast. There were 
three shelters employed. A “Stow” about 12 feet above the 
roof and two “ Patterns” at heights of 12 and 16 feet. At first 
the door of the lower “ Pattern” was removed and a Wild 
metallic screen inserted, after several weeks’ comparison this 
screen with its thermometers was placed in the upper ‘“ Pattern,” 
its door having been removed. ° 

The following plans and precautions were taken to determine 
the adaptability of these shelters, and to check the thermome- 
ters : 

1st. The relative air circulation in the interiors has been 
obtained by comparison between dry and wet bulb thermome- 
ters and the effect of thorough ventilation has been learned by 
comparing the wet bulb in the shelter with the “ fronde.” 

2d. The relative amount of reflective heat entering the shel- 
ter has been ascertained by using a black bulb thermometer, i. e. 
an ordinary thermometer with its bulb coated with lampblack. 

3d. The readings of the three thermometers in each shelter 
were checked by using similar traveling thermometers which 
were placed in each shelter in succession, and numerous com- 
parisons made. 

4th. The thermometers used had cylindrical bulbs, with the 
exception of two in “Stow,” and have been twice carefully com- 
pared with a standard, once at temperature 6° below zero. All 
readings have been corrected for instrumental error. 

5th. All the observations have been made by one person, 
and it has been the practice to read forward and back, at nearly 
all times, in order to eliminate as much as possible effects of 
changes in temperature between the first and last observation. 

6th. In making comparisons it has been deemed best usually 
to make a continuous series of readings for an hour or more, as 
a single reading a few times each day will hardly give what we 
wish except for the mean; while continuous observation, under 
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known conditions which are slowly changing, will enable us"to 
follow effects due to gradually rising or falling temperature, 
the increase or decrease of wind velocity, the shifting of the 
wind, slowly changing humidity, ete. 

The following are a few of the results collected from the 
observations since September 1, 1883. 

To determine the least size of a shelter necessary to over- 
come the effects of heat from the sides, there were arranged 
from east to west in the upper “ Pattern,” nine thermometers at 
equal distances. Observations were made in the early morn- 
ing and in the afternoon. Under the most favorable conditions 
the inside of a shelter farther from the sun will undoubtedly 
give a slightly too low temperature in the morning owing to 
the fact that it is farther from the sun, but this effect will be 
exceedingly slight, and in fact will be entirely overcome if 
there is any breeze. Oftentimes with a still air and hot sun on 
one side of the shelter, if a slight breeze happened to spring 
up on that side the temperature would be brought even lower 
than on the opposite side; in fact so much difficulty was 
encountered from such gusts that it was found necessary after 
a while to fasten a test tube to each thermometer to shield it. 

Table II shows the results of these observations, 

Considering the difficulty of comparing thermometers hung 
side by side in free air, the accordance of these results is very 
satisfactory. In the morning there is a mean difference of 1°8° 
between the east and west sides; a fall of ‘55° or nearly 4 the 
whole amount, in the first 9 inches, and one of 1°2° or % in 
the first 18 inches. In the afternoon there is a fall of 1°5° 
from west to east, in the first 9 inches it was about + the whole 
fall and in the first 18 inches it was nearly 4, i. e. in September 
a thermometer at 9 inches from the side of a shelter would 
indicate in calm sunny weather a temperature uniformly about 
1:2° too high. Experiments are still needed in midsummer, 
with larger shelters, with double louvres, with metallic louvres 
and with traveling thermometers. We may conclude that a 
single louvred shelter exposed directly to the sun’s rays should 
have the clear inside length not less than 36 inches. 

Table III shows observations in the three shelters “ Stow” 
(A), “ Russian” (B) and “ Pattern” (C); there are also added 
results from dry and black traveling thermometers and from a 
thermometer exposed on the oulside of “ Pattern.” 

Column 1 gives the mean time of each set or of five succes- 
sive observations, the next five columns give, the dry and wet 
thermometers, the relative humidity from these, the black 
thermometer and the difference between this and the dry, in 
(A); the next five give the same values for (B); the next five 
for (C); the next three give the dry and black and their dif- 
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ference as determined from traveling thermometers placed suc- 
cessively in (B) and (C); the last cqlumn gives the temperature 
from a free thermometer. 

Comparing these, we see from columns (7) (10), (12) (15), and 
(17) (18) that observations of dry and black in (B) and (C) are 
directly comparable. We find the black in (B) more than ‘5° 
lower than in (C), though (C) shows the dry at the same time 
more than 1°0° lower than (B). This would seem to indicate 
that the free black bulb thermometer cannot aid in determin- 
ing the true air temperature in a shelter, and also that, if a free 
circulation of air is provided for, the effect of reflected heat 
may be neglected. We also find that (C) gives a relative 
humidity ‘2 per cent in one group aud 2:1 per cent in the other 
lower than (C), while (A) agrees well with C. 

Table IV gives a comparison of all observations of dry and 
wet thermometers from Sept. 20 to Oct. 11, and from Oct. 31 
to Nov. 7; between these two sets the “ Russian” screen was 
put in the upper “ Pattern.” 


Taste 1V.— Comparative observations in Stow A, Russian B 
and Pattern C shelters. 


Stow. Russian. | Pattern. 
Weath. 
| 


Dry.| Wet.|R. H.| Dry. | Wet. |R. Dry.| Wet. /R. H. 


Light.| Clo. | 57°4) 37°3| 71-2) 57-3) 37-4) 36°6 
Light | Fair. | 73 4) 59°1| 37°9| 73-0, 58°9| 38°3| 72°9| 58-7, 
Brisk. | Clear. | 59°0 48-4) 40°1| 58°: 44°6) 58°3) 48°5| 43°6 
Brisk. | Fair. | 71°3 61°8) 55°35) 71-3. 62-1) 56°9| 70°9| 61°7 56°6 
Light | Haze. | 77°65 67°6) 57°6| 67°1| 58°0 
Brisk. | Fair, | 68-8 61-7) 64°7| 61°3| 63°7| 68°1| 61°1| 64:8 
Light.| Clo. | 63°5) 56°2! 60°7) 63-6) 56: 63° 56°3, 62°1 
Light.| Fair. | 55°0 45°5| 41-6] 54:9) 46°1 45°5| 45-4) 43-8 
.|140 | Light:| Clear. | 69°2 60-7) | | 67°8} 60°0| 60 9 
95 | Light.| Clear. | 74°0 63-1) 51°5| 74°5| 63° 62°77) 
80 | Brisk. | Clear. | 69°8 59°5) 51° 59°8) 59°2) 49°7 
75 .| Clear. | 78°6, 62°0| 34: 32°0 
985 | 
69°3, 58°6) 49°2| 69°2| 58°8, 50°6| 58-2! 49.8 


OBSERVATIONS WITH RUSSZiAN AT 16 FEET AND PATTERN AT 12 FEET. 


Oct. 31, | 15 | High. | Clear, 67°1) 52°8) 31°7) 67-0; 53-0) 32°7| 67°2| 52°8 
Nov. | 25 | Light. Clear. | 43°3) 37°4| 43-0 35:8) 38 4! 43-0) 34°9 

Brisk. | Clear. | 41°8) 37°5, 50°1, 42.6) 41°8] 50°9) 41°4 
Calm. | Clear. | 55 4) 48°7| 59°6) 55°5 49°0) 60°1| 56°2| 49°1 
Calm. | Clear. | 63-2) 53°2) 47°5| 62-4) 52°9/ 50-0) 52°8 
| 50°1| 42°2) 46°5| 49-7, 42°2| 48-5) 50°1)| 42 2 
| 
55°0| 45°7) 43°4| 54°6 45°8) 45°2/ 55°0) 45°65 


Am. Jour. Sc1.—Tuirp SeriEs, Vout. XXVII, No. 161.—May, 1884. 
25 


| 
Date. | No. | Wind. 
| 
Sept. 20, 
21, 
“ 26, 
28, 
Oct. 3, 
5, 
* 10, a. M 
“ 10, P.M 
~ 
tt, “ 
Mean ...... 
31:1 
34°6 
36°7 
47:2 
46°5 
42°2 
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In the first series we find “ Pattern” giving a mean tempera- 
ture “4° lower than “ Russian” with a mean relative humidity 
*8 per cent lower. In the second series we find the “ Pattern” 
which is now twelve feet above roof giving ‘4° higher tempera- 
ture and a relative humidity 3°0 per cent lower. Taking the 
mean of the two series we find no difference in the temperature, 
while the “ Pattern” gives a relative humidity nearly 2-0 per 
cent lower. 

The lack of ventilation in the Russian may be best shown 
by taking observations of the wet bulb when its temperature is 
below freezing. As shown in “Science,” June 8th, 1883, it is 
under these conditions that ventilation is most needed. 

Table V exhibits individual readings of dry and wet ther- 
mometers. Ist, “fronde;” 2d, ‘ Russian ;” and 3d, “ Pattern.” 


Taste V.—Comparison of dry and wet “ fronde” with 
Russian and Pattern. 


| *“*Fronde,” 14 ft. Russian, 16 ft. Pattern, 12 ft. 


| Dry. | Wet.|R. H. Dry.| Wet. R. H.| Dry.| Wet.|R. H. 


| 

pl 

Nov. 13 | 31°7| 26°3) 45 | 31:5) 31°5 31°6} 26-9) 52 A.M. Calm. Clear. 
| 267/47 31-4 95 | 26-8] 44 | “ 

32°8, 26°9) 42 | 32°9) 30°5: 7 33°2| 27°3) 43 

34°4 47 34°7| 30°6 6% 29°7| 50 “Of 


32°8 38 
26°3| 34 
26°2| 35 


40 .03 P.M.| Brisk N.W. 
43 16 
39 “ 


bo 
CR oF 


Calm. 


“ 


68 | 23-0) 31-2 
| 20°7| 63 | 23°3| 30°0) 
21°4) 68 | 23°5| 24°2! Light S. 
27°91 32 | 35°3) 30°4) 55 31°8 .03 a. M.|Light S.S.W. 
28°5) 40 | 35°3/ 31°6) 58 | 36°0 2 
28'1| 36 | 35:4, 30°6| 56 | 36°6 30°5 
28°2) 37 | 30°1! 362 29°8} 43 |11.: 


bo bo bo 
to 


33°3) 42°7; . M. Calm. 

| 32-3} 2 2 Light S.S.W. 
30°6 

| 30°4| 5 
*2| 30°3) 55 


Nov. 20 | 35°93: 
36°3! 3: 


| 35°9| 33° 
36°1| 33° 


8 

1 
4 


48°4/ 33°5| 30°8) | 33°8| 29°2) 56°7 


| 


Mean, omitting the four observations in which wet was higher than dry in Russian. 
29°5) 45°8) 35°2) 31°2. 62°3) 35°4! 30°4 53:3) 


| 
| 
| 
| 
| 
| | 
| Nov. 14 | 33°1] 27°1| 42 | 32°8 
| 33:2) 28-0) 49 | 
33°0| 27°3| 44 | 32°7 
} 
Nov. 15 | 22 
| 23 “ 
33 
| 35 “ 
|35 
| 35 
| 35 
| | 
Nov. 17/411) 31°7/ 23 | 4 
} 20 |4 
| 36°1/ | 3 
| 35-7) 29°5| 44 | 3 
| 35°6| 29°2/ 42 | 3 
| 
70 | 35°0| 344/94 | 34:9 33-9] 86 | 7.03 Calm. 
| G9 34:9] 33°3) 84 | 34:9 33:0! 81 | 7.08 
| 35°2| 75 | 35°1/ 33:4) 83 | 34-8 33-2) 84 | 7.18 
72 | 35°3) 33°7| 86 | 35-2 33:3, 81 | 7.30 
73 | 35°6] 33°8| 82 | 35°4' 33°6/ 81 | 7.35 “ 
| | | 
Mean 33°8| 28°3 | 
H | 
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The mean results in Table V show nearly identical air tem- 
peratures by the three methods, but a relative humidity more 
than 16 per cent too high for “ Russian ” and over 7 per cent 
for ‘ Pattern.” 

The following conclusions are advanced : 

ist, Thermometer shelters when exposed to direct sun heat 
should be at least 36” long. 

2d, With proper precautions the thermometer “ fronde” 
both dry and wet will give the most correct air temperature 
and relative humidity. 

3d, The interposition of a second louvre seems hardly neces- 
sary; it not only prevents the free access of air, but also if 
ventilation is used it must affect the air which is propelled to 
the thermometer. 

4th, While the thermometers in a single louvred shelter may 
in heavy storms be wet, yet it takes but a moment to wipe the 
bulb dry, besides in rainy weather both dry and wet indicate 
nearly the same temperature. 

5th, For obtaining even approximate relative humidity in 
calm weather single louvred shelters are necessary, and for the 
best result an induced air current is essential especially in the 
winter in northern countries. 

At the same time that the above experiments were being 
carried on, another series of observations was made in window 
shelters. These have shown, as is well known, that in summer 
the temperature is slightly too low by day and too high by 
night, and that no satisfactory hygrometric observations can be 
made without artificial ventilation. As many are not in a 
situation to use any but a window shelter the following sug- 
gestions are added for places north of 35° lat. N. 

Ist, There should be a free air space of 6 to 12 inches be- 
tween the shelter on the north side of the building and the 
wall. 

2d, The simplest form of screen would be four pieces of 
board 10 to 12 inches square, nailed together box fashion, 
leaving the bottom and side toward the window open; the 
thermometers dry and wet should be placed five inches apart 
near the center of. this screen, with their bulbs projecting be- 
low the plane of the lower edge. In the summer months, 
when the sun shines on the north side, the window blinds can 
very easily be brought at right angles to the wall of the house 
and fastened there, thus shielding from the sun. As to a 
more elaborate arrangement it may be said that nothing exten- 
sive is needed; probably a shelter made after the “Stow” 
pattern, as just described, thirty inches long, eighteen inches 
wide and twenty-four inches high with closed bottom would 
answer perfectly in latitudes north of 85°. A shield with half 
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shut blinds can be easily arranged as mentioned above, the 
blinds being widened if necessary to cover the shelter with 
their shadow. Experiments are still being carried on upon 
this matter. The Chief Signal Officer has kindly permitted 
the publication of these results preparatory to a more ex- 
haustive study. 


Art. XLIV.—Hillocks of Angular Gravel and Disturbed Strati- 
fication ; by T. C. CHAMBERLIN. 


Mucu interest has been awakened in recent years in the pe- 
culiar gravel mounds and ridges—in part embraced under the 
terms Kames, Eskers and Osars—which are disposed in varying 
frequency over a large part of the drift areas of both the eastern 
and western continents. Numerous writers, foreign and native, 
have made descriptive and theoretical contributions to the lite- 
rature of the subject.* With increased attention there has 


* Among these the foilowing may be cited as having more or less immediate 
relevancy to the present topic: Edw. Hitchcock, Geol. of Mass.. 184], Trans. 
Assoc, Am. Geol. and Nat., 1840-42, Smith. Cont. ix, 1857; W. W. Mather, 
Geol. of N. Y., 1st Dist., 1842; J. Hall, Geol. of N. Y., 4th Dist., 1842; L. 
Vanuxem, Geol. of N. Y., 3d Dist., 1842; Ch. Martins, Bulletin de la Société 
Géolozique de France, 1845-6; Robert Chambers, Tracings in the North of 
Europe, 1850, also, Edinburgh New Phil. Journal, 1853, liv, 229; T. F. Jamieson, 
On the Drift and Rolled Gravels of the North of Scotland, Quar. Journal Geol. 
Soc., 1860, xvi, p. 347, also, ibid, 1865, xxi, p. 161, also ibid, 1874, p. 329; C. 
H. Hitchcock, Agri. and Geol. of Maine, 1861, pp. 271-274, 1862, pp 388-391; 
Geol. of New Hampshire, iii, 1878; G.H. Kinahan, On the Eskers of the Central 
Plain of Ireland, Jour. Geol, Soe. Dublin, 1863, x, p. 109, also Dublin Quar. Jour. 
Sci., 1864, iv, p. 109, and Geol. Mag., 1875, p. 86; C. Whittlesey, Fresh Water 
Glaial Drift of the North Western States, Smith. Contrib’s, 1866; L. Agassiz, 
Glacial Phenomena in Maine, Geol. Sketches, 1876, p. 101 (originally in Atlantic 
Monthly, xix, Feb., 1867); A. Erdmann, kxposé des formations quaternaires de 
la Suéde, 1868; N. H. Winchell, Surface Geol, of Northwestern Ohio, Proc, Am. 
Assoc., 1872, xxi, p. 65, also Geol. Reports of Minn. and Ohio; D. Hummel, Om 
Rullstensbildningar; K. Svenska, Vet. Akad. Handlingar, 1874: James Geikie, 
The Great Ice Age, 1874, pp. 201-237, Riv. Ed., 1876, Kames, pp. 210-225, 
Eskers, 395-6, Asar, 407-409; J. S. Newberry, Geol. Survey of Ohio, vol. ii, 
1874, p. 41, vol. iii, 1878, p. 40; N.O. Holst, Om de Glaciala rullstensaarne, 
Stockholm, Geol. féren. Férh, 1876-77, iii, 97; T. C. Chamberlin, Trans. Wis. 
Acad. Sci., iv, 1876-77, p. 201, Geol. of Wis., ii, 1877, p. 207, Comptes Rendus, 
Congrés Internativnal de Geologie, Paris, 1878, p. 254; Warren Upham, On the 
Origin of Kames or Eskers in New Hampshire, Proc. Am. Assoc., 1876, Modified 
Drift, Geol. of New Hampshire, vol. iii, 1878; G. F. Wright, Some Remarkable 
Gravel Ridges in the Merrimac Valley, Proc. Boston Soc. Nat. History, 1876-8, 
xix, 47, also, The Kames and Moraines of New England, Ibid., 1879-80, xx, 210; 
A. §. Packard, Glacial Marks on the Pacific and Atlantic coasts compared, Am. 
Nat., 1877, xi, 674; E. Orton, Geol. Surv. of Ohio, vol. iii, 1878, p. 646; A. C. 
Lindmuth, Geol. Surv. of Ohio, vol. iii, 1878, p. 503; W. J. MeGee, On the Com- 
plete Series of Superficial Geol. Formations of Northeastern Iowa, Am, Assoc., 
1878; (+. H. Stone, Kames of Maine, Proc. Am. Assoc., 1880; M. N. Elrod, Geol. 
and Nat. Hist of Indiana, 1881. p. 154; J. D. Dana, On the relations of the so- 
called ‘‘ Kames”’ of the Connecticut River Valley to the Terrace formation. Am. 
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been progress in analytical delineation, classification and no- 
menclature. That there is still abundant room for amplifica- 
tion in these regards is broadly manifest. 

As a minor contribution to the subject it is the object of this 
paper to direct attention to a class of hillocks whose character- 
istics have some significance. 

By way of approach to their taxonomic relations, we may 
set aside the entire classes of gravel hills and ridges that are 
formed by degradational processes—the chief agency of which is 
erosive sculpture—not because they are unimportant, but be- 
cause they are widely distinct in real character from those to 
be here considered, as will appear from their description. 

From the constructive classes we may also eliminate those 
which are formed by littoral and subaqueous agencies, whether 
these are waves, currents or floating ice, since they are distin- 
guished by characters of their own, and may usually be satis- 
factorily discriminated from the class in question. We may 
also disregard those which are obviously caused by violent 
fluviatile currents in the eddies and angles of river troughs, 
when their relationship to the valley drift and topographical 
environment clearly indicate their origin. If we also set aside 
some less frequent classes of other possible origins and limit 
our attention to those gravel heapings whose position, constitu- 
tion and distribution point to an origin springing from the mu- 
‘ tual relations of glaciers and glacial waters, we must still dis- 
tinguish between two somewhat broad classes. (1.) The first 
predominantly take the form of linear ridges which lie essen- 
tially parallel to the course of drift movement, notable exam 
ples of which are the osars of Sweden and Maine. (2.) The 
second class more commonly assume the form of mounds— 
either clustered or dispersed—and when disposed in chains or 
belts, which is their predominant habit, they lie transverse to 
the lines of glacial movement. 

If we correlate these two classes somewhat more widely with 
glacial phenomena, the first falls into association (a) with the 
linear axi-radiant drift hills so prevalent in many regions (of 
which the “drums,” “drumlins,” “lenticular,” or “ elliptical 
hills” of New Hampshire, Massachusetts, New York and Wis- 
consin are special shapely examples), (6) with the longitudinal 
crevasses of the glaciers, and (c) with superglacial and, to a 
measurable extent, sub-glacial drainage. 

The second class drop into comparison (a) with terminal and 
Jour. Sci., vol. xxii, Dec., 1881; N.S. Shaler, Illustrations of the Earth’s Surface, 
Glaciers, 1881, p. 66, On the Origin of Kames, Boston Soc. Nat. Hist., 1884, Feb. 
6 (unpublished and contents unknown to the writer); A. Geikie, Text-book of 


Geology, p. 892; L. C. Wooster, Kames near Lansing, Mich., Science, 1884, Jan. 
4; Robert Bell, Report of Progress Geol. Surv. of Canada, 1880-81-82, C. vi, p. 9. 
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recessional moraines, and all forms of peripheral ridging, (6b) 
with transverse crevasses, and (c) with marginal drainage. By 
marginal drainage 1 mean either that which was intimately as- 
sociated with the ice-margin, or was essentially limited in its 
action as a genetic agency to the periphery of the glacier. The 
waters may have had their ulterior origin back from the mar- 
gin, either upon or beneath the ice, and, of course, they flowed 
away from it to the sea, but their efficiency in constructing 
gravel hills was essentially peripheral. 

If correlated with rock topography, it may be observed as a 
broad and somewhat loose generalization that the first class 
usually conform, with measurable divergences, to the general 
tock slopes, while the second are disposed in much negligence 
of associated rock contours, and often stand in seeming inde- 
pendence if not antagonism to them. If, however, the study of 
their relationships be carried into detail, the subjacent topo- 
graphy will be found more or less influential in determining 
the special disposition of both classes, but it will lead aside 
from the present purpose to pursue this phase of the subject. 

Those of the second class are the almost constant associates 
of the terminal moraines of this continent, and are, like them, 
disposed variously, but not altogether indifferently, over sum- 
mits, slopes and valleys. It is several years since I called at- 
tention to the habitual association of gravelly accumulations 
with the Kettle moraine of Wisconsin, and its correlatives in | 
the interior States.* These vary in form and structure through 
a somewhat wide amplitude, and as structural classes are not 
limited to association with well defined marginal moraines, 
though themselves indirectly peripheral glacial phenomena. 
It is only to a sub-class of this order that attention is here di- 
rected. They became subjects of special interest in tracing the 
margin of the later drift across the plain tracts between the 
hilly regions of Wisconsin and those of eastern Ohio, over 
which reliefs are relatively feeble, and therefore compel the 
more critical attention. Illustrative examples will be chosen 
from that region. They are not, however, confined or even 
predisposed to plain tracts, but frequent also hilly regions, 
perching upon slopes and summits, and nestling in valleys. 

Surface aspects——The surface contours of these hillocks are 
somewhat various and probably have no sharply defined limit- 
ations. Very commonly they are simple isolated mounds, not 
conspicuously unsymmetrical, and range from flatter forms 
not exceeding ten or twelve feet in height to more sharply 


* Geol. of Wisc., vol. ii, pages 207 to 211—Le Kettle moraine et les mouvements 
des glaciers qui lui ont donnés naissance. Comptes Rendus, Congrés International 
de Géologie, Paris, 1878.—Extent and significance of the Wisc. Kettle Moraine. 
Trans. Wise. Acad. Sci., 1876-77. 
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peaked examples reaching up to forty and fifty feet or occa- 
sionally beyond. These simple tumulous forms are more com- 
mon in the plainer tracts. When clustered they usually 
assume a rapidly undulatory knob-and-basin contour. Not 
infrequently they are appendages of more massive ridges of 
till or till-covered rock in which case they constitute unsym- 
metrical embossments of varying forms. 


Angular gravel, natural size; from a hillock one mile north of Midway, Madison 


County, Ohio. 


Internal Constitution.—They are built up chiefly of gravel 
and subordinately of sand, clay and bowlders. Special in- 
terest attaches to the form and composition of these constitu- 
ents and their associations with each other. The gravel is 
largely formed of limestone fragments,* which, instead of having 
been reduced to the rounded form common to gravel, retain 
a high degree of angularity. Their surfaces are, however, 
worn to a greater or less degree, but it is of the type produced 
by forceful rubbing rather than rolling. There are not infre- 
quent examples of undoubted glacial striation. The whole 
aspect of the attrition suggests the common form of glacial 
abrasion which the stony fragments of till present, modified by 
slight subsequent rolling. Indeed it is easy to demonstrate 
that the gravel is directly derived from the till and has suffered 
little modification in the assortment, for numbers of the hillocks 
show in certain portions of their diverse material true till, in 
other portions, till from which most of the clay has been re- 
moved ; still other portions consist of the rock-fragments of 
the till with a meagre amount of clay in the interstices ; while 
yet other portions consist of the subangular gravel above de- 
scribed, quite thoroughly separated from the clay and slightly 


* The illustrative examples are here described, not the whole class. 
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worn; and in even yet other portions, the gravel is more nota- 
bly worn but rarely well rounded. The process of assortment 
is thus exemplified in all its stages, within the narrow limits 
of a single hillock. The angularity of the fragments that 
constitute this gravel is illustrated by the preceding figures, 
natural size, which represent with a fair degree of truthfulness 
the character of the originals. The selection, it will be ob- 
served, is from the smaller grade of gravel, which presump- 
tively suffered more transportation and rolling than the larger 
fragments. 


Striated limestone fragment, natural size, from the above locality. 


These specimens were taken from a representative collection 
seriatim under the limits in size determined upon. Figure 2 
represents a glaciated fragment, natural size, which happened 
to be drawn out of the collection with the above group. It 
would be difficult to find a clearer demonstration of the slight 
attrition which these gravels have suffered in their assortment 
from the parent till. It is to be remarked, however, pru- 
dentially that so slight a degree of attrition is not universal to 
the material of the hillocks under consideration, though the 
above specimens were taken from well assorted and thoroughly 
stratified beds and were intended to represent the average 
character of a very considerable number of these hills. There 
are usually some portions of each mound in which the material 
is more rounded and there are other accumulations of a similar 
nature in other respects and similarly situated, whose material 
is considerably more worn. 

The character of the sand and clay comports perfectly with 
the derivation above indicated. The sand, instead of the 
familiar well worn grains of quartz, consists, in large part, of 
particles of limestone with which are mingled minute frag- 
ments of shale and some rounded grains of quartz. Numerous 
acid tests of these sands made in the field invariably elicited 
prompt and active effervescence, which indicates unleached 
limestone particles. Under the lens, the grains present, in the 
main, clean fresh surfaces of characteristic texture. 

As an approach to a more accurate determination of their 
character, 130 grains, selected indiscriminately from the small- 
est particles that could be conveniently handled (mainly 
less than 1™™ in diameter) were dropped in succession into 
dilute hydrochloric acid slightly warmed. These were taken 
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from a quantity gathered from the face of an excavation 
(one mile north of Midway, Madison Co., Ohio) in such a way 
as to represent fairly the average of six feet vertical depth and 
twenty feet face, lying between six and twelve feet from the 
surface. Of the grains so treated, 95 gave notable effervescence, 
and mainly dissolved; 18 light-colored grains gave no action 
and were manifestly quartzose ; 17 dark-colored grains gave no 
perceptible response. After digesting twelve hours, 16 dark 
grains remained and 18 light colored ones. There were in 
addition a few minute quartz particles, probably nuclear points 
or particles that adhered unobserved to larger ones when 
dropped in the acid. 

From the same sample 107 grains, selected indiscriminately, 
except that a larger grade was chosen (1 to 4™™ in size) were 
treated in a similar way. Of these 94 gave notable efferves- 
cence, 9 dark colored grains gave slow or feeble action, and 
four light colored particles gave no response. This confirmed 
what a general inspection seemed to indicate, that with increas- 
ing size of the grains there was increased proportion of lime- 
stone particles, and inspection of the finer gravel stones fully 
bears out this law. A magnet drawn through the sand brought 
forth a few bristles of magnetite. Examined under a polarizing 
microscope the associated dust is seen to be largely quartz, and 
the finer grains to be mainly quartz and fragments of granular 
limestone and dolomite, to which are added a few splinters of 
clean crystalline calcite, an occasional grain of magnetite, and 
not infrequent dark or black, nearly or quite opaque grains, 
whose character was not determined. 

An analysis of the leading ingredients by Professor E. G. 
Smith gave: 


Insoluble in HCl. Soluble in HCl. 
= 21°157 CaCO, = 44:°294 
1°057 MgCO, 26°070 
*839 
trace, undetermined 70°364 


23°053 


6°583 subject to correction 


2 
for loss or gain. 


Fe,O, 
Al,O, 


P,O, undetermined 
H (6) 


100°00 


Si 
Al, 
Fe 
Ca 
Mot 
} 
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A second sample of finer grain gave : 
Insoluble in HCl. 
SiO, = 21°507 
Al,O, 2-480 
Fe,0, ‘409 
MgO undetermined 
CaO 


24°396 
Soluble in HCl. 
CaCO, undetermined 
MgCoO, 
Fe,0, 75°604 estimated by loss; sub- 
Al,O, ject to correction for 


P.O, | loss or gain. 
H,O 


100°00 


These, in the light of the preliminary inspection, may be 
interpreted roundly to signify about 70 per cent of magnesian 
limestone particles, less than 20 per cent of quartzose sand and 
less than 5 per cent of shale particles. In another aspect they 
seem to disclose that 70 per cent certainly, and probably 90 
per cent, were derived by mechanical action, while probably 
not more than 10 per cent arose from decomposition. 

A similar analysis of a much more worn sand taken from a 
hill about 6 miles southwest of Bellefontaine, Logan County, 
Ohio, gave the following results: 


Insoluble in HCl. Soluble in HCl. 
= 29°341 CaCO, = 31:079 
14516 MgCO, 7°885 
1°964 
trace, undetermined 38°964 
MgO ae 


45°821 
Fe,O, undetermined ) 
15°215 subject to correction 


H,O for loss or gain. 
Al, O,, 


100-00 


This shows a much less, but still large proportion of lime- 
stone derivatives and a much greater ingredient of a clayey or 
shaley character. 

The clays, associated with some portions of the gravelly 
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mass of these hills, have not been analyzed, but acid tests in 
the field indicate the abundant presence of the carbonates. 
Two conditions of the clay may be recognized, linked by inter- 
mediate gradations. The one, in which it constitutes a matrix 
embracing the stony fragments after the manner of bowlder 
clay—indeed the mass is indistinguishable from pebbly till— 
the other, in which it is only a coating of the angular gravel, 
or a partial filling of its interstices, giving the impression that 
it is a secondary inter-deposition. These two varieties are con- 
nected by intermediate gradations, giving rise to an interesting 
series of clayey gravels and gravelly clays. 


Section of a portion of a gravel hill, showing highly inclined and contorted 
stratification. East line of Sec. 28, T. XXI, R. 5 W., Jackson, Tippecanoe Co., 
Indiana. 


Stratification.—The gravel in certain portions of these hills is 
completely assorted and stratified in horizontal layers. A larger 
proportion assumes various inclined attitudes, and examples of 
curved and discordant stratification appear in the greatest abun- 
dance and variety. But it is to be observed that the slope of 
the inclined beds is not limited to the moderate inclinations to 
which such material is confined when deposited under running» 
water, but stands at all inclinations, even up to verticality. 
Moreover the beds are often twisted and contorted, or crushed 
into confusion, and occasionally, though rather rarely, broken 
and disjointed. The partially assorted portions partake most 
of these anomalous attitudes, being pushed into various irregu- 
lar shapes and curiously inwrought among the better assorted 
portions. It is in association with these disturbed beds that the 
till-like portions are found. Vertical and inclined veins, more 
or less irregular, and filled with a very fine silt, occasionally 
present themselves. The accompanying figures very imper- 
fectly represent the general aspect of the interior structure of 
these hillocks. To fully appreciate their real complexity, it is 
necessary that the study of the actual section should be carried 
into detail. 

[t thus appears that these hills present gradations (1) of ma- 
terial from mixed stony clays to finely assorted sand and 
gravel: (2) of attrition, from that of the glaciated till fragments 
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to moderately worn sand and gravel, and (8) of stratification, 
from contorted and disturbed beds to almost complete horizon- 
tality. The interesting fact is that this occurs within the lim- 
ited compass of a single hill, it may be a mere hillock, scarcely 
exceeding in size an artificial tumulus. 

Inferences.—The following inferences are drawn, if not alto- 
gether from the brief statements above made, at least from the 
wider range of facts observed. 


4, 


Section of a portion of a gravel hill near Midway, Madison County, Ohio, show- 
ing discordant and contorted stratification. 


I, The angular gravel is an immediate derivative from the ad- 
jacent till. This is manifest from its passage into till through a 
complete series of gradations, and from the identity of its stony 
constituents with those of the till. 

Il. The material is of extremely local derivation-—considered as 
a secondary formation—(1) because it is so little worn in its 
extraction, (2) because it is so imperfectly and so variously as- 
sorted, and (8) because of the intimate stratigraphical associa- 
tions above indicated. Considered as to its ultimate genesis 
through its parent till, it is at least not of remote origin, in the 
main ; for, aside from the lithological and paleontological evi- 
dence that is applicable to the coarser material, and by infer- 
ence, and to some extent by microscopic inspection, to the sands 
and clays, it is manifest that material containing from 40 to 70 
per cent of limestone was not derived from the crystalline 
rocks of the Canadian highlands, nor from these combined, in 
the ratio of surface exposure, with the Lake-basin series of 
sandstones, limestones and shales, nor even from these com- 
bined ratably with the formations adjacent to the deposits. If 
a uniform shaving were cut from the face of the successive 
strata from the Canadian heights to the locality of the deposits, 
it would not give the higher percentage of calcareous and mag- 
nesian material, even if no account were taken of surface- 
leached material, which must inevitably have become mixed 
with the drift. The character of the material indubitably indi- 
cates that, while a minor portion was brought from distant 
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sources, the great mass was gathered from the adjacent lime- 
stones. 

IIL These hills were formed in the presence of an intermittent 
disturbing agency. It seems quite impossible to explain the 
curious relations of the disturbed and undisturbed portions of 
the mounds by postulating a single thrust, or even a succession 
of disconnected sudden impulses. It seems necessary to assume 
the continued presence but intermittent action of the disturbing 
agency. This is strengthened by the following consideration. 

IV. Their formation required a special localizing agency. This 
is most apparent in the cases of isolated mounds on broad plain 
tracts of till, or of embossments on the slopes or crests of ridges. 
No existing agency, by any extension of its magnitude, is at all 
competent to account for their localization. The formative 
agency, or combination of agencies, must have produced, at 
once, local assortment and local heaping of the assorted mate- 
rial, or, in other words, the assorting waters must have been 
confined and concentrated in their derivative action, and like- 
wise constrained so as to heap their material into tumuli, whose 
location was determined by the constraining agency more than 
by any feature of the local topography or other present condi- 
tion. 

V. I infer, therefore, that these hills could not have been 
produced by any form of beach action, whether assisted by ice 
or not, because, in addition to what has been previously im- 
plied, their external forms, their irregular dispersion, their 
varying altitudes, defying reduction to horizontality, as well as 
their otherwise irreconcilable topographic situations, are incom- 
patible with such an origin. 

VI. Their inherent characteristics, taken in connection with 
their association with morainic belts, supports the opinion that 
they were formed along the edge of the great ice sheet by 
numerous marginal streams. The disturbance of bedding and 
the intrusion of the till masses are attributable to the oscilla- 
tory action of the ice, while the partial assortment, feeble 
attrition of the gravel and the multiform phases of stratifica- 
tion, were accomplished by the issuing streams. The localiza- 
tion of these streams was of course determined by the special 
conditions of glacial drainage then existent, but now largely 
past determination. The heaping of the gravels is thought to 
have been aided by the ice which restrained both the stream 
and the dispersion of its products. The special phases of aceu- 
mulative action were probably somewhat variable, being some- 
times purely marginal, the heaping being at the debouchure of 
the streamlets, sometimes within the walls of subglacial tun- 
nels * or small marginal ice cafions,t and sometimes, perhaps, 


* Hummel, loc. cit. + Upham, loc. cit. 
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at the base of moulins, so near the edge of the glacier that 
their products did not suffer obliteration by subsequent me- 
chanical action of the ice. I have been unable to satisfactorily 
picture the precise process of formation of all forms of the 
accumulations under the conditions of any one of these meth- 
ods alone, but as all were presumptive attendants of glacial 
action, the various forms seem explicable by their several, or 
their joint, agencies. 

The hypothesis of formation in this manner is in complete 
harmony with the local character, the angular forms and the 
chemical constitution of the sands and gravels. 

If they had been formed by superglacial streams, it seems 
necessary to suppose: (1) that a much larger proportion of dis- 
tant material would have been present, even if it is maintained 
that subglacial material rises promptly to the surface of the 
ice, a view which I do not entertain ; (2) there must have been 
a more complete assortment of the material, since superglacial 
streams are necessarily rapid and have great selective power ; 
(3) there would probably have been more notable attrition and 
(4) a greater rarity of small glaciated stones, since these are 
very rare, if not altogether wanting, in superficial debris. 

Significance of Calcareous Character—The highly calcareous 
composition of this material is worthy of special note and, in- 
dependently of other considerations, is very significant of the 
mechanical origin of the drift. The residuary material which 
covers non-glaciated areas within and about the drift-bearing 
territory is essentially non-calcareous even when derived from 
limestone, as I have satisfied myself by numerous field tests 
over a wide area and as is being demonstrated more thoroughly 
by special investigations in the hands of my assistant, Mr. R. 
D. Salisbury, undertaken with a view to develop more pre- 
cisely the important truths that lie along this line of approach 
to the problems of the drift. Calcareous sands of the nature 
above described, are, so far as I can learn, wholly unknown in 
non-glaciated regions and are a product quite irreconcilable 
with the pre-glacial conditions that prevailed in the region 
where they are now found. 

Nomenclature.—-It would be quite within the sanction of 
prevalent practice to dub these hillocks kames, and there make 
an end of it. But at the outset of this article the manifest 
need of a stricter classification was alluded to. This must 
necessarily carry with it, or at least eventuate in, a more pre- 
cise use of terms. These terms should be either simply struc- 
tural or simply genetic, or else indicative of a given structure 
having a given origin. At present the term, kames, is applied 
broadly to embrace, on the one hand, mounds, hummocks and 
peaked hills, and, on the other, extensive branching gravel 
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ridges, the two classes standing to other glacial phenomena in 
the contrasted relations I have previously pointed out; to say 
nothing of the probable inclusion under the term of fluviatile 
and littoral accumulations or degradational relics having no 
direct relationship to land ice. It is doubtless much too early 
to determine a final classification and nomenclature, but I 
think it will be a wholesome advance in that direction to re- 
strict the term kames to mound-like and short-ridged accumu- 
lations whose distribution is obviously or apparently peripheral 
to the formative ice, and to distinguish from them under the 
name osars the extended linear and branching ridges that lie 
parallel to the lines of glacial movement and that belong to 
the longitudinal class of glacial features.* ° We may need to 
carry our distinctions much beyond this It is to be hoped 
that it will be possible to draw discriminations close enough 
ultimately to distinguish between the accumulations of (1) 
peripheral, (2) subglacial, (3) superglacial, and (4) ice-cafion 
streams, and (5) moulin cataracts, and also between the products 
formed in connection with (1) glacial advances, (2) glacial halts, 
and (3) glacial retreats. It is not improbable also that it may 
become important to distinguish between the drainage products 
(1) of active, and (2) of stagnant glaciers or glacial remnants. 
It is, for me at least, very difficult to form a clear and satisfac- 
tory conception of the formation of osars, one or two hundred 
miles in length and forty to one hundred and eighty feet or 
more in height, with lateral branches and meandering courses, 
like those of Sweden and Maine, in connection with active 
moving glaciers. The time requisite for the accumulation of 
so considerable an amount of worn and assorted material was 
by no means trivial when reckoned in terms of ordinary glacial 
motion. This motion of the ice seems incompatible with the 
meandering courses, and the branching forms, if not with the 
structure and definition of the ridges. Nor is complete satis- 
faction afforded by the view that they were formed progres- 


* By reference to the discussions of thirty and forty years since, it will be 
found that the term osars, in its Anglicized form, was in common use as the 
accepted name of this class of deposits, and on this account has claims to reten- 
tion. See, among other possible references, Am. Jour. Sci., xlv, 1843, p. 322, 
where Dr. Jackson identifies the gravel ridges of Maine as osars; also, Hitch- 
cock’s Elementary Geology, where osars are specifically defined and the term 
repeatedly used as one of common acceptance ; also, Geol. of Lake Superior Land 
Dist., p. 236, where Desor likens certain gravels to ‘those curious ridges in 
Sweden, familiar to European geologists under the name osars.” Also, Mur- 
chison’s Geol. of Russia, vol. i, pp. 542-556, where the use of the term implies 
its adoption even among English writers. 

But a more important reason for the retention of this term lies in the fact that 
the Swedish osars are a thoroughly typical and distinctive class, while the Scottish 
kames are comprehensive and need differentiation. The descriptions of Dr. James 
Geikie, which have done so much to foster interest in them, give precedence to 
the mound type, and justify us in restricting the term to that dominant class. 
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sively in channels cut back into the retreating edge of the ice 
by superglacial streams.* 

Not to enlarge upon the subject here, suffice it to say that 
there are many features of the great branching osars that 
strongly invite the belief that they are the products of the 
drainage system of practically stagnant glaciers. If this view 
be sustained—and that will depend, of course, not so much 
upon its aptness as an explanatory hypothesis, as upon collat- 
eral and independent evidence that the dissolving ice sheet, in 
its closing stages, became stationary in the areas involved— 
there will be room for a wide dynamic distinction between 
these by-products of ice under minimum motion, and the kames 
associated with terminal moraines, which are the offspring of 
glaciers at a stage of nearly maximum activity. 

To what an extent it may be found serviceable to use dis- 
tinctive genetic terms for these several classes, can only be ad- 
judged when their respective prevalence, and the success with 
which they can be trustworthily discriminated, shall have been 
determined. Meanwhile the general structural distinction be- 
tween elongated osars and hummocky kames is needed to avoid 
in some measure confusion of types, and to secure convenience 
of expression. This restriction and special application of the 
terms, kames and osars, is in accordance with the predominant, 
but not by any means uniform, foreign use of the terms, which 
is indeed not discriminative. Beyond question difficulties arise 
in the strict application of the terms, since the elongated ridges 
occasionally break up into clustered hillocks, and the transverse 
belts are attended by linear ridges, so that, structurally consid- 
ered, the two types merge into close association. So also, gene- 
tically, they are related in the fact that they spring alike from 
the mutual relations of glaciers and glacial waters, but it seems 
more important to recognize the wide general distinction, than 
to employ a terminology so broad as to embrace phenomena 
that are diverse in suci an important sense. 

Under this restriction of terms the hillocks under discussion 
would be classed as kames, and would constitute one of their 
most distinctive, though perhaps not most common, types. 


* Upham, Origin of Kames or Eskers in New Hampshire. Proc. Am. Assoc., 
1876, xxv, 216. 

+ Prof. Stone, who has studied these special forms more extensively than any 
one else in this country, expresses the conviction that the flow of the ice as a 
whole had ceased at the time of their deposition. (Kames of Maine, p. 469.) 
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Art. XLV.—Extinct Glaciers of the San Juan Mountains, Colo- 
rado; by R. C. HiLts.* 


THAT portion of the Rocky Mountain range which, for the 
purpose of this paper, will be considered as the San Juan 
Mountains, includes the whole of the elevated region embraced 
in the Counties of Hinsdale, San Juan, Ouray, San Miguel, 
Dolores, Rio Grande and La Plata. 

The drainage east of the Continental Divide constitutes the 
source of the main branch of the Rio Grande, while that to 
the westward includes the principal tributaries of the San Juan 
and the southern tributaries of the Grand and Gunnison. The 
volume of water conveyed into the Rio Grande is small com- 
pared with that which, flowing westward, furnishes more than 
half the total volume of the Colorado River. In fact the vol- 
ume of the Rio Grande from this source only does not exceed 
that of either the Dolores or Animas, streams which are simply 
tributaries of the Grand and San Juan. 

The extent of glacial action in the past seems to have beeng in 
a great measure, proportional to the magnitude of the existing 
river systems, and it is found that not only was there a greater 
thickness of ice on the western slope but the area of glaciation 
was many times more extensive. Evidence of the former 
existence of glaciers in the Rio Grande drainage area is most 
decided in the region lying west of Wagon Wheel Gap. Fora 
distance of twenty-eight miles above the Gap, the river bottom, 
which is seldom less than half a mile wide, is a continuous 
deposit of drift. Above this for some distance the fall of the 
river is considerably increased, and the surface of the eruptive 
rock here forming the river bed is, where exposed, usually 
smooth and rounded. There are no accumulations of drift, or 
if such ever existed they have since been carried away. Suc- 
ceeding this is a swampy bottom about four miles long, ex- 
tending nearly up to Lost Trail Station, and terminated at its 
lower extremity by a moraine. It is separated from a third 
and smaller valley, lying between Lost Trail and Timber Hill, 
by a few well-rounded hills cut by the river. Timber Hill is 
equidistant about seven miles from the semi-circular ridge 
dividing the Atlantic from the Pacific drainage and enclosing 
a section of country that, with the excep:ion of the higher 
peaks, appears to have been thoroughly glaciated. 

Of the lateral ice streams flowing into the Rio Grande Val- 
ley, the greatest was probably that of Clear Creek. It origina- 
ted in the country lying above Clear Creek Falls, and which is 
at the present time mostly below an elevation of 10,500 feet. 

* A paper read before the Colorado Scientific Society, October 1, 1883. 

Am. Jour. Series, VoL. XXVII, No. 161.—May, 1884. 
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A short distance down the valley from the Falls the ice stream 
was divided, one portion entering the Rio Grande Valley at 
Antelope Park and the other portion at Antelope Springs, three 
miles to the eastward. The latter branch formed the depression 
known as Santa Maria Lake, and, during its retreat, the huge 
termina! moraine one mile above the springs. : 

From the Continental Divide at the head of the Rio Grande 
to Wagon Wheel Gap the distance is about fifty-two miles. 
Below the Gap there is evidence that glaciers flowed in from 
the Divide to the southward, but it does not appear that the 
main glacier extended east of the Gap. Judging from the 
glaciation on the hills flanking the valley, the main glacial 
stream did not exceed five hundred feet in thickness, and its 
extraordinary extension eastward must have been due to addi- 
tions from lateral sources. In comparison with the country 
west of the Divide the glacial features of the Rio Grande Val- 
ley are of secondary interest, and it is to the Pacific slope of 
the mountains more particularly that I wish to direct attention. 
That a long continued period of extensive glaciation existed 
there is shown by the frequent occurrence of drift along the 
western margin of the undulating plateau region, lying near 
the base of the main range, and by the scratched and fluted 
surface of the crystalline schists and such eruptive rocks as 
have resisted disintegrating action in and around the main 
range itself. In addition, morainal deposits are a conspicuous 
feature in the flat swampy bottom, known as parks, of frequent 
occurrence along the principal streams. It does not appear 
that the glaciers were always confined to the existing valleys, 
but that, at some remote period, the entire western slope of the 
mountains, except probably the higher peaks, was covered 
with an unbroken sheet of ice. The extension of this sheet 
westward was doubtless aided to a considerable degree by ad- 
ditions of glacial material from three more or less isolated 
groups of mountains, viz: the Tongue Mesa, Mount Wilson 
and La Plata groups. 

The western limit of the ice sheet at the period of greatest 
extension is not always well marked, yet sufficiently so at 
intervals to admit of its being defined with some approach to 
accuracy. From the Rio Navajo northward to the Mancos 
Valley the ice plowed down through the Fox Hills sandstone 
into the Colorado shales, sometimes to the level of the Dakota, 
leaving an irregular line of escarpments and low hills facing 
the Needle and La Plata Mountains. These escarpments are 
especially noticeable between the Animas and Mancos rivers 
where the depth of erosion from this cause alone is from 250 
to 500 feet. Similar escarpments occur fronting the Mount 
Wilson and Lone Cone groups of mountains. In the Animas 
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River region bowlders of quite large size, usually granite, are 
distributed over the country five miles west of the town of 
Durango and nearly sixty miles from the source of the Animas 
River. No rocks are exposed in the vicinity older than the 
Colorado Cretaceous, and the nearest exposure of granite is at 
Elbert, eighteen miles up the river. 

In the Rio San Miguel region the ice moved westward with 
the general course of the San Miguel River, and crossed diago- 
nally the course of the south branch of that stream. To what 
distance it extended I am unable to say, but I have observed 
erratic bowlders of eruptive rock on the mesas flanking the 
San Miguel, thirty-five miles from the source of the river. 

In the country immediately south of the Uncompahgre 
River, it does not appear that the ice extended west of the 
mouth of Dallas Creek. In the region between the Uncom- 
pahgre and Cimarron the extension was much greater. For 
several miles west of Tongue Mesa the country is covered with 
coarse bowlder drift, composed largely of eruptive rocks de- 
rived from the Tongue Mesa Mountains. The western limit of 
this area is marked by a long ridge of Archean rocks running 
diagonally from the Cimarron southwesterly to the Uncom- 
pahgre Valley and known as the Vernal Mesa. Consequently, 
the greatest extension of drift is toward the latter, where 
erratic bowlders may be observed twelve miles west of the ex- 
tremity of Tongue Mesa and within a short distance of Mon- 
trose. Similar features are observable in the section of coun- 
try lying between the Cimarron and the mouth of Indian Creek 
on the Lake Fork of the Gunnison. . 

As the ice sheet retreated it became divided and finally sep- 
arated into distinct glaciers corresponding to the principal val- 
leys. Of these the Animas glacier was probably the largest. 
It formed the beautiful and fertile Animas Park in La Plata 
county and Baker’s Park in San Juan county. It was aug- 
mented by large additions of glacial material from the Needle 
and Cascade Mountains, and a short distance above Elbert was 
probably at one time nearly three miles wide. Between Elbert 
and Silverton the rounded surfaces of the crystalline schists 
exhibit glacial scratches 1200 to 1500 feet above the old glacier 
bed. ‘Two parallel terminal moraines cross the lower end of 
Animas Park at Animas City. There is a moraine at the 
lower, and another at the upper end of Baker’s Park. 

Next in importance was probably the Hinsdale glacier, occu- 
pying the upper valley of the Lake Fork of the Gunnison. It 
formed the basin of Lake San Cristobal, and, as shown by the 
drift covering the low hills northeast of Lake City, was at one 
time nearly a mile wide. Lake City is about twenty-four miles 
from the source of the river and about fifteen miles from the 


394 R. C. Hills—Extinet Glaciers of Colorado. 


nearest point on the Continental Divide. Owing to kaoliniza- 
tion and other causes the rocks bordering the lower portion of 
the district have not retained the characteristic glacial scratches, 
and the only indication of the probable thickness of the Hins- 
dale glacier is the presence of drift material which is abundant 
800 feet above the level of Lake San Cristobal. 

The Uncompahgre glacier was eighteen miles long, extend- 
ing to the foot of Uncompahgre Park and to within a short 
distance of the mouth of Dallas Creek. It deposited the huge 
moraine, over 150 feet high, which crosses the lower end of the 
park. Below the town of Ouray only friable sandstones and 
shales are exposed and glacial strize are absent. Above Ouray 
the quartzites and schists are scratched and polished 800 feet or 
more above the bed of the Uncompahgre River. 

On the La Plata the local glacier was about 15 miles long, and, 
in places, three-fourths of a mile wide, extending more than six 
miles below Parrott City. A glacier of about equal dimen- 
sions occupied the valley of the Mancos. The drift forming 
the substratum of the Mancos Valley is largely mixed with 
clay, probably owing to the enormous amount of shale eroded 
by the glacier. 

On the North Fork of the San Miguel was a glacier eight 
miles long, and about 200 feet thick towards its western ex- 
tremity. It extended to the lower end of what is known as 
Gold Run, a swamp valley terminating in a moraine about thirty 
feet high. The glacier of the South Fork of the San Miguel 
was about fifteen miles long and debouched into the main val- 
ley a short distance below the lower end of Gold Run. It was 
augmented by the Lake Fork glacier, the latter forming the 
depression occupied by Trout Lake. The only indication of 
the probable thickness of the South Fork Glacier is the occa- 
sional occurrence of fluted surfaces on the precipitous granite 
exposures below the town of Ophir, which can be observed 
400 feet above the smooth granite bed of the old glacier and 
on both sides of the river. 

On the San Juan, Navajo, Los Pifios, Piedra, Florida and 
Dolores, all of which streams I have visited, local glaciers of 
greater or less extent once existed; but those I have described 
were probably the most important, at least their history is the 
best preserved. 

During the period of the extension of the ice sheet the Up- 
per and Middle Cretaceous rocks were eroded from 200 to 500 
feet, in some places more, the amount of erosion being greater 
where shales predominated, as for instance, in the section of 
country immediately north of Animas City. 

That along period of time elapsed between the retreat of the 
ice sheet and the final retreat of the local glaciers is shown by 
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the depth of erosion in the South Fork of the San Miguel. As 
before remarked, the course of this stream is diagonal to the 
direction of movement of the San Miguel portion of the ice 
sheet, which was approximately that of the main valley. The 
South Fork glacier cut down through not less than 800 feet of 
Cretaceous sandstones and shales, forming a cafion nearly half 
a mile wide bordered at intervals by escarpments of sandstone. 
The erosion of this cafion must have taken place since the 
retreat of the ice sheet and before the retrograde movement of 
the local glacier had reached the junction of the South Fork 
with the main stream. However, the South Fork cafion does 
not represent the average depth of erosion by local glaciers, 
but rather the maximum, for in most instances it has not ex- 
ceeded half this amount. 

Since the retreat of the local glaciers to the upper valleys 
the rivers have excavated chasms, or, what are usually termed 
“ box caiions,” fifty to one hundred feet deep, according to the 
velocity of the current and character of the eroded rock. Evi- 
dence of this nature is shown in the Uncompahgre cafion near 
Ouray, in the cafion of the Animas above Elbert, on the Dolo- 
res above Rico, and on the Lake Fork of the Gunnison above 
Lake City. The depth of these chasms gradually decreases 
toward the heads of the streams, notwithstanding that the fall 
gradually increases, and around the sources of all the rivers 
rising in the San Juan Mountains we find localities where the 
water is flowing but a few feet below the striated rock surface 
of the old glacier bed. 

It is not unusual to find in these mountains limited accumu- 
lations of névé that never entirely disappear. There are two of 
these at the head of Henson Creek, near the point where the 
Animas Forks wagon road crosses the divide, at an elevation of 
13,000 feet. They are seldom less than fifty feet thick, from 
100 to 800 feet wide and from 400 to 600 feet in length. I 
visited the smaller of the two on the 20th of September of the 
present year and found a stream of water, caused by the melt- 
ing of a recent fall of snow, running the whole length of its 
trough-like surface. Scraping away some of the loose snow I 
discovered that the mass was solid ice, into which light was 
transmitted some distance. It seems moderately certain that 
the Glacial period of this portion of the Rocky Mountains ex- 
tended nearly up to the present time and that the névé accumu- 
lations found on the head of Henson Creek, and elsewhere, are 
the remnants of the ice envelope, which, at a remote period, 
covered nearly the whole of the habitable portions of Hinsdale, 
San Juan, Ouray and San Miguel Counties, and a large portion 
of the Counties of La Plata, Doloresand Rio Grande, extend- 
ing over a territory of more than 4,500 square miles, or about 
equal to the area of Arapahoe County. 
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Regarding the comparative excess of ice on the Pacific slope 
of the mountains, I think some explanation may be found in 
the cause producing an excess of water on that slope at the 
present time. Inspection of one of the official maps of this 
region shows that the Continental Divide forms a long elliptical 
curve opening to the eastward, enclosing the country drained 
by the Rio Grande, and in general conforming to the contour of 
greatest mean elevation. An examination of the eruptive 
rocks of different localities indicates that the present curve rep- 
resents approximately the trend of the Continental Divide at 
the close of the last period of disturbance, for we find rocks 
belonging to the more recent overflows dipping from the Conti- 
nental Divide into the Rio Grande valley, so that the rocks 
occurring between Del Norte and Wagon Wheel Gap are con- 
temporaneous with those found near the divide, north, south 
and west. Asa result, nearly four-fifths of the region circum- 
scribed by the contour of 8,000 feet is thrown west of the 
divide, and this fact sufficiently explains why there is such a 
limited volume of water flowing to the east as compared with 
that flowing to the west, which is to be referred to topograph- 
ical rather than to meteorological conditions. There can be no 
doubt that the last period of disturbance antedated the period 
of glaciation and that therefore the greater accumulation of 
ice on the western slope was due to substantially the same 
cause that now determines the greater flow of water in that 
direction. 


Art. XLVI.—Gender of Names of Varieties; by ASA GRAY. 


AMONG other subordinate questions in Natural-history No- 
menclature, it has been asked whether names of varieties, like 
those of species, should conform in gender to the genus, or 
whether they may not as well conform to the word varietas, 
and so always be feminine. 

Linnzus introduced the current practice of numbering varie- 
ties by the letters of the Greek alphabet, a, 8, 7, etc. But to 
some varieties, evidently to the more important, he gave names. 
These names, when adjectives, were always (so far as we know) 
made to agree in gender with the generic name: ex. gr.— 

Viburnum Opulus, B roseum. 
Asparagus officinalis, a maritimus, B altilis. 
Mesembryanthemum ringers, a canium, B felinum. 

In our days named varieties play a more and more im- 
portant part; and all botanists, as a rule, appear to have fol- 
lowed the Linnean model, with now and then a divergence 
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which is readily explained, and which may be said to be acci- 
dental, such as 
Ripogonum album, var. leptostuchya, Benth. 


This is as one writes “forma albiflora” or “ Var. albiflora,” 
a white-flowered form or variety. But that this is not the 
pattern nor the true construction of varietal names appears at 
once on reference to ordinary cases. Thus, for example, in 
“ Nasturtium amphibium, a indivisum, DC. Syst.,” it is not 
an undivided variety of the species that is meant, but a 
name which stands in the same grammatical relation to Nastur- 
tium that amphibium does, and to write N. amphibium, a indi- 
visa, is obviously wrong. We should say that it makes no 
difference whether the word variety, or its abbreviation var. is 
expressed or understood. When the conditions of the case seem 
to call for it, we should write NV. amphibium, var. a indivisum, 
just as, if it were ever needful, we might write, “Nasturtium, 
spec. amphibium,” and just as L. C. Richard (a good model), in 
Michaux’s Flora writes, 


Viburnum dentatam, var. « glabellum, (3 semitomentosum. 
Rhus Toxicodendron, var. a vulgare, [3 quercifolium. 


The editor of the Gardener’s Chronicle (March 22, p. 373), 
having put this kind of question to M. Alphonse de Candolle 
(whom we should consider the highest living authority upon 


nomenclatural matters), understands him to reply that “the 
insertion of the abbreviation var. for varietas, which is femi- 
nine, demands a feminine termination; but if the word var. be | 
omitted, then the rule would be for the variety to follow the 
specific name ;”—meaning probably the generic name, for in 
one of the examples given, “ Thymus Serpyllum, 8 montanus,” 
it does not follow the specific. 

From this point of view, viz: that where the nature of the 
group (in this case, variety) is expressed the adjective name 
should be feminine, but where only understood, it might be 
masculine or neuter—we must commend the editor’s closing re- 
mark :— 

“Perhaps the simplest and most easily recollected rule, would 
be to make the varietal name feminine in all cases, whether 
the var. or varietas, were expressed or understood. This at 
least would be intelligible, and would conduce to uniformity 
of practice.” 

It would also be logical, and the logic also would require all 
specific names to be feminine; for the word understood, species, 
is feminine. 

Now we do not suppose that M. de Candolle would tolerate 
a double set of genders for the names of varieties. His doctrine 
is that the “var.” should be discarded and the Greek letters 


398 A. Gray—Gender of Names of Varieties. 


only employed, not only for numbering the varieties, but for 
designating the fact that the name they are prefixed to is a 
variety. 

It is not difficult to perceive why it has come to pass that 
“English writers generally use the abbreviation var.,” and that 
some continental botanical writers follow the practice. One 
reason is, that it enables us to cite an author’s variety by its 
name without having to concern ourselves with its Greek num- 
ber, whether it is 8 or 7 or 0, which otherwise we should have to 
attend to. Another is, that our sense of good form revolts at 
beginning sentences and paragraphs without capitals. In our 
books, varieties usually stand in independent paragraphs. Even 
in Latin we do not like to begin a paragraph :— 


“@ indivisum foliis omnibus integerrimis serratisve, non aut vix basi auriculatis.” 


In English we can still less abide it. So we prefix “ Var.,” 
and either number our varieties with Greek letters or, preferen- 
tially, leave them out. 

But, we did not suppose that by the employment of the 
word “Var.” we had interfered with the relation of the name 
of the variety to that of its genus. Var. indivisuwm, in this 
case, we should construe the phrase: ‘“ Varietas cujus nomen 
est indivisum. ‘Var. indivisum’ stands on the same ground 
as ‘species amphibium.’” The latter rank we rarely need to 
express, because we always prefix the generic name or its 
initial. The former may often come in a shape which renders 
the designating prefix var. necessary, or at least most convenient. 

We may, indeed, quite correctly write, var. albiflora, a white- 
flowered variety, var. longifolia, a long-leaved variety: but that 
is not according to the Linnean pattern nor to the regular prac- 
tice, nor to the strict analogy of the varietal name with the spe- 
cific. 

Moreover, if the gender of the word which designates the 
grade of the name is to govern the gender of the name, at least 
when expressed, as by var., then ail subspecies must be made 
feminine. Now, this term subspecies is coming largely into use. 
And it has to be expressed in every case, in this wise :— 

Ranunculus aquatilis, L. 


Subsp. heterophyllus. 
Subsp. hederaceus, etc. 


If the proposition which we deprecate is adopted these names 
would have to be written heterophylla and hederacea by an author 
who ranked them as subspecies but heterophyllus and hederaceus 
by one who took them as varieties and simply numbered them 
by Greek letters. Obviously the propositions in the Gardeners’ 
Chronicle had not been thoroughly worked out. 
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Art. XLVII.—On Secondary enlargements of Feldspar jfrag- 
ments in certain Keweenawan sandstones ; by C. A. VANHISE. 


RECENT observations by Sorby,* Irving, and otherst have 
shown the occurrence in sands and sandstones, and even in the 
most indurated quartzites, of a secondary quartz, so placed upon 
each one of the original grains of quartz as to be crystallograph- 
ically continuous with’it. This occurrence and the explanation 
afforded by it of the change of a sandstone to a quartzite, nat- 
urally lead the lithologist to query whether similar enlargements 
may not occur in the cases of other minerals found as particles 
in rocks of fragmental origin, and thus still further light be 
thrown upon the origin of some of the crystalline schists. 
Bonney, for instance, in speaking of certain of the crystalline 
rocks of Cornwall, England, conjectures the possibility of such 
occurrences in the following words.§ ‘These larger feldspar 
grains, for instance, may have as their nuclei feldspar grains 
which were original constituents, and may have survived the 
dissolution of the finer sedimentary materials in which they 
were imbedded. Then in the process of re-constitution, feld- 
spar (not perhaps always of the same species) may have been 
added to feldspar, quartz to quartz, mica to mica and horn- 
blende to hornblende or altered augite.” 

Of the minerals mentioned by Bonney, quartz and the feld- 
spars, because of their abundance, are evidently by far the most 
important. For some time past, during my microscopic studies, 
I have been on the outlook for evidences of the existence of 
enlargements of feldspar fragments. In the slate conglomerates 
of the north shore of Lake Huron, I have found what seem to 
be enlarged feldspar grains, but the evidence that any of the 
material is of secondary origin is not sufficiently satisfactory, the 
lines of separation between the supposed new material and the 
nuclei being ill marked. However, I have found what seem 
certainly to be additions to grains of that mineral, in certain of 
the Keweenawan feldspathic sandstones. The specimens in 
which these supposed enlargements were first found are taken 

* Presidential Address before the Geological Society of London, Q. J.G.S., . 
vol. xxxvi, 33. 

+ On the Nature of the Induration in the St. Peters and Potsdam Sandstones, 
and in certain Archean Quartzites in Wisconsin, by R. D. Irving, this Journal, 
III, xxv, 401. 

¢ Young, this Journal, II, xxiv. 47; Wadsworth, Bost. Soc. Nat Hist., Feb. 7, 
1883; Philips and Bonney, Q. J. G. S., xxxix. 

The same occurrence was noted in the quartzites of Kureka, Nevada, by Id- 
dings and Arnoid Hague as long ago as the summer of 1881, although these ob- 
servations are not yet published. 

§ The Hornblendic and other Schists of the Lizard District with some addi- 
tional notes on the Serpentine, by T. G. Bonney, Q. J. G. S., xxxix, 19. 
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from those portions of the sandstones almost in contact with 
overlying basic eruptives. This location is evidently a favor- 
able one for the development of such enlargements, the heated 
alkaline waters which would naturally descend from the over- 
lying lavas supplying appropriate conditions. Then too, quartz 
enlargements when most easily found, are shown by lines of 
ferrite about the nuclei, and are ordinarily best seen in the less 
indurated quartzites. The Keweenawan sandstones are highly 
ferruginous, and are of an open texture ; hence, if among them 
feldspars have taken new growths, the conditions for their de- 
tection are favorable. 


Fig. 1. Part of section of sandstone from Eagle Harbor, Mich., x 100; in polar- 
‘féized light. AAA, fragments, each from a single feldspar individual; aaa, 
films of iron oxide on the borders of the original grains; BBB, secondary 
enlargement of the original grains; C, quartz grains; DD, unfilled spaces ; 
EE, secondary feldspar grains polarizing independently of the original grains. 
The feldspathic sandstone immediately underlying the dia- 
base of Eagle Harbor, Michigan, is of a uniform medium grain, 
a magnifying glass showing but little quartz. The feldspar 
grains are stained red with iron oxide. Hydrochloric acid gives 
with the powder a slight effervescence. In thin section the 
sandstone is seen to be composed largely of grains of different 
feldspars, next to which in abundance are rounded complex 
fragments derived from a granitic porphyry,* consisting of 
* The Copper Bearing Rocks of Lake Superior; by R. D. Irving. Third An- 
nual Report United States Geological Survey, p. 114. 
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feldspars penetrated by a saturating quartz. Next in order of 
abundance are complex fragments of some altered basic rocks. 
Finally a few grains of quartz and a little secondary calcite are 
noted. 

The feldspars are frequently somewhat kaolinized, but most 
of the grains are fresh enough to give quite uniform colors in 
polarized light, and, in the case of the plagioclases, well de- 
fined twinning bands. The grains are all rounded, their 
boundaries being marked by broad lines of ferrite. However 
some subsequent mineral has used these grains as nuclei, about 
which to deposit, and now each individual appears in the 
polarized light to extend beyond its original limits. These 
newly formed borders, as compared with the interiors, are dif- 
ferent, in that they show no decomposition, and are freer from 
iron stains. When the borders from different feldspathic 
grains have extended so far as to come in contact, as they 
usually have done, they form sharply serrate, nicely fitting 
junctions, which are roughly comparable to the suture of a 
skull (fig. 1.) 


Fig. 2. In polarized light; x100. Plagioclase from Eagle Harbor sandstone, 
showing crystallographic continuity of original grain and secondary enlarge- 
ment. 

Fig. 3..In polarized light; x100. Fragment of a grain of a granitic porphyry 
from Eagle Harbor sandstone. 


This newly added material appears to be feldspar which has 
codrdinated crystallographically with the grains about which 
it has deposited. It possesses no optical properties which 
would exclude that mineral, but cleavage and decomposition 
being absent, no comparison with the feldspars can be made 
as to those characteristic features. The belief that the new 
— is feldspar is, however, supported by the following 
acts. 

When the enlarged feldspar is orthoclase, the deposited sub- 
stance polarizes uniformly with the nucleus about which it is 
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seen (fig. 1), exactly as quartz enlargements polarize with the 
grains on which they have grown. Further, when plagioclase 
is enlarged, as it frequently is, the new material has twinned 
uniformly with the old, the twinning bands in polarized light 
running continuously across cores and the added borders (fig. 
2). This phenomenon was observed in many different grains 
and in different sections. 

Again, the complex fragments above mentioned as derived 
from a granitic porphyry, and as containing quartz and feld- 
spar, often have borders of new material and the added por- 
tions resemble, and usually polarize with, the feldspars instead 
of with the quartz, with which they would naturally codrdi- 
nate, if with either, were they composed of silica. Frequently 
the exteriors of this class of grains are apparently all of feld- 
spar, even when a third or more of the edges of the original 
fragments (and in some places for considerable spaces con- 
tinuously) are of quartz (fig. 3). The grain figured consists 
of part of a single, orthoclase individual, including several 
areas of quartz. The secondary enlargement polarizes with 
the feldspar throughout its area. F 


Fig. 4. In polarized light; x 100. Part of section of Eagle Harbor sandstone, 
showing an orthoclase fragment broken and re-cemented by a secondary 
material crystallographically continuous with the original fragment and with 
the border of newly deposited material. F 


Finally, the complex basic fragments also have their borders 
of new material. These basic grains are often very feldspathic, 
the feldspar individuals being, however, small. Here an en- 
largement instead of being a unit, as it commonly is in the pre- 
ceding cases, consists of several or many individuals. The 
feldspars at the edge of the nucleus have ordinarily controlled 
the new growth, so that the new matcrial polarizes in parts 
with the old interior grains. These parts have, however, often 
extended upon each side beyond the adjacent feldspars, and 
thus at times overlapped other feldspars—whose conditions 
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were less favorable for renewed growth—or other minerals, if 
such chanced to be in contact with the division line between 
the clastic fragment and its border of new material. 

The change which has taken place in one grain of orthoclase 
is of some interest. The grain has been broken into two parts, 
which have spread somewhat, and is now cemented with a new 
material which extinguishes with the original fragments, and 
also with the exterior second growth, with which it is continu- 
ous in one place (fig. 4). 

In some cases the new material deposited on a grain, instead 
of continuing as a single individual until it meets a similar 
growth from another grain has crystallized independently in 
small interlocking grains (fig. 1). This independent feldspar 
(if we are correct in so considering it) is more plentiful about 
the basic fragments than about the feldspar grains or those of 
the granitic porphyry. 

Uncovered thin sections were prepared and the supposed 
feldspar enlargements tested—so far as practicable—as to hard- 
ness with a needle and as to solubility in hydrochloric acid. 
With difficulty some of them were scratched, and they were 
not affected by the acid. The results of these tests accord 
well with the idea that the borders are feldspars, and show that 
they cannot be a carbonate. 

Most of the sections of the Eagle Harbor sandstones also 
show quartz enlargements, but in one none were seen. 

This same secondary material has been found in other sand- 
stones in the Keweenawan series, and in two cases the sand- 
stone directly underlies “greenstone.” Descriptions of these, 
however, will not be given, as they furnish no additional points 
of interest. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysIcs. 


1. On the Metasulphites—BrErtHELOT has investigated the 
formation and properties of a salt which he calls the metasul- 
phite of potassium. It was prepared by saturating a cold or hot 
concentrated solution of potassium carbonate with sulphurous 
oxide gas, and drying at 120° the salt which separated by 
crystallization. Though called anhydrous bisulphite by Muspratt 
and Marignac, it was found to have the formula $,0,K,. It is 
characterized by the heat of its formation, by its stability, by its 
capacity of forming hydrates and even solutions distinct from 
those of normal bisulphite, and by its pyrogenic reactions. The 
direct formation of bisulphite evolves 16°6 calories at 15°; and, 
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if it reacts at once upon a second equivalent of potassium hydrate 
it evolves 15:2 calories more. But if the solution be carried to 
100° in a closed vessel out of contact with the air, it is found that 
on saturating with potash only 12:9 calories are evolved in place 
of 15°2. Hence the bisulphite undergoes this change to metasul- 
phite even in solution. If now the metasulphite be dissolved 
directly in water and saturated with potash 12°7 calories are 
evolved. Dissolved directly in a solution of caustic potash 6°9 
calories are evolved ; and this added to the 5:7 calories due to 
the solution, gives 12°6 as before. Even if the solution of meta- 
sulphite be heated to boiling and preserved three days, it still 
evolves 12°5 calories on being saturated with potash. Solutions 
of bisulphite on the contrary recently prepared, give 15:2 calories 
when saturated with potash; while after standing for a while, or 
on heating, they evolve only 12°6 calories when thus treated. 
The formation of the metasulphite then from the bisulphite 
evolves 15°2—12°6=2'6 calories. This evolution of heat explains 
the stability of the metasulphite and its production in solution. 
These results are the reverse of those which occur with sulphates. 
The anhydrous bisulphate S,O,K, is transformed into normal 
bisulphate in presence of water, with evolution of heat (1°45 
calories). Deeming it of importance to ascertain whether the 
metasulphite is really converted into neutral normal sulphite by 
potash in excess, the experiment was tried and, immediately after 
measuring the resulting heat, one equivalent of dilute hydrochloric 
acid was added to the solution, and the heat again determined. 
The sum of the two effects was found to equal precisely that of 
the heat of neutralization of hydrogen chloride by potassium 
hydrate, 14-0 calories at 10°; thus proving that there had been no 
auxiliary reaction of the sort supposed. Further the author finds 
that on precipitating with alcohol a solution of potassium car- 
bonate saturated with sulphurous oxide gas, he obtained com- 
pounds which were not normal bisulphite, but contained less 
water. Hence the hydrate formed is capable of losing its water 
without losing any sulphurous oxide. This view is confirmed by 
the heat of solution, which is the same for the anhydrous and the 
hydrated metasulphite. Under the action of heat, the dry metasul- 
phite does not change at 150°; but toward a dull red heat it 
evolves sulphurous oxide though without producing any neutral 
sulphite ; the reaction being (S,O,K,),=(SO,K,),4+S0,++8. Hence 
the metasulphite has relations to the normal bisulphite resembling 
those which distinguish the ethylsulphites properly so called (C, 
H,),0.K,0.S,0, produced by the decomposition of sulphurous 
ether by alkalies, from the ethylsulphites (C,H,),S,0,.K,O (other- 
wise called hydrethylsulphates) obtained by the oxidation of ethyl 
sulphides. The author gives the relations of the acids of sulphur 
as follows together with the heat of their formation: 1st list. 
Ratio S: K. Sulphide K,S8,+53; hyposulphite ; 
metasulphite S,O,K,,+ ; hyposulphate 8,O,K,+205°7 ; bisul- 
phate (metasulphate) 8,O,K,,4236°6; persulphate S,O.K,: 2d 
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list, ratio S: K,. Sulphide SK,,4102-2; sulphite K,SO,,+-272°6 ; 
sulphate SO,K,,+-342°2.—Ann. Chim. Phys., VI, i, 81, Jan, 1884. 
G. F. B. 
2. On the Hyponitrites.—Divers and Haca have replied to the 
criticisms of Berthelot and Ogier upon the hyponitrites. The 
latter chemists, finding a low percentace of silver in the silver 
hyponitrite prepared by them, assigned to it the formula Ag,N ,O, 
instead of AgNO given by Divers. The former chemists point 
out that a trifling admixture of nitrite or nitrate would have pro- 
duced the observed result, that there is nothing to show that the 
substance analyzed was not thus admixed, and that the formula 
is antecedently quite improbable. However, to establish the 
existence of the body AgNO, they prepared various samples of 
the hyponitrite, using various methods of purification. As a 
result, they were able to increase the percentage of silver from 
755 the highest value obtained by Berthelot and Ogier, to 77°69; 
the percentage required by the formula AgNO being 78°3. The 
experiments are still in progress, the authors expecting to im- 
prove upon these results in the future.—J. Chem. Soc., xlv, 78, 
March, 1884. G. F. B. 
3. On Ferric ethylate and colloidal Ferric hydrate-—GRiMaux 
has succeeded in producing a colloidal ferric hydrate by a new 
method. If 3-25 grams ferric chloride be dissolved in 25 ¢.c. of 
absolute alcohol, and a solution of 1°4 grams sodium in the 
same weight of alcohol be gradually added, a precipitate of 
sodium chloride is at once formed and the dark brown liquid con- 
tains all the iron in the state of ferric ethylate with not a trace 
of chlorine. On distilling off the alcohol, a black pasty mass of 
unaltered ferric ethylate is left, which is soluble in absolute alco- 
hol, in benzene, chloroform, petroleum ether and methyl alcohol. 
A trace of water, however, transforms it into ferric hydrate. Its 
alcoholic solution is not precipitated by a current of dry 
ammonia gas; though dry carbon dioxide throws down a dark 
brown precipitate and hydrogen sulphide gives ferrous sulphide. 
Exposed to the atmosphere, the alcoholic solution absorbs mois- 
ture and gives a thick coagulum of ferric hydrate. If however 
the ethylate solution be poured into an excess of water, a limpid 
liquid is obtained which presents all the appearance of the colloi- 
dal ferric hydrate described by Graham. It coagulates sponta- 
neously after a longer or shorter time, or on the application of 
heat. At the temperature of 19°, half its volume of water 
produces immediate coagulation while 15 volumes produces a 
coagulum only after three days. With ten volumes of water, the 
solution coagulates at once only on ebullition. This variety of 
colloidal ferric hydrate, which is always slightly alkaline, is con- 
siderably less soluble than that of Graham, which is feebly acid. 
The author calls attention to the similarity of coagulation in the 
case of these mineral colloids with that of the nitrogenized 
colloids of the organism. The coagulation in both cases is 
retarded by cold; a blood which coagulates in five minutes at 
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11°5°, requiring only two minutes at 35° and. one minute at 48°8°. 

With the inorganic colloids the author regards the phenomenon 

as simply a polymerization.— Bull, Soc. Ch., I, xli, _— 1884, 

4. On the Synthesis of Piperidine and its Sides, —By 
treating pyridine with sodium in alcoholic solution LapENBURG 
succeeded some months ago in preparing piperidine. Since that 
time he has improved the method so as to obtain nearly the quanti- 
tative yield. He has also prepared some interesting homologues 
of this base. Picoline from animal oil, boiling between 134° and 
139° and hence a mixture of a-methyl-pyridine with some f-methyl- 
pyridine, was treated as above, distilled, saturated with HCl and 
evaporated to dryness. The residue was converted into the 
nitroso-compound, extracted with ether and decomposed with 
HCl. The hydrochlorate, distilled with HKO, and _ purified, 
gave a colorless oil boiling at 121-124°, consisting essentially of 

a-methyl-piperidine C.H (CH, )NH isomeric w ith the methyl- 
piperidine prepared by Hofmann C.H,,NCH,.. The author has 
also prepared ethyl piperidine from y-ethyl-pyridine by the same 
reaction.— Ber. Berl. Chem Ges., xvii, 388, March, 1884. 
G. F. B. 

5. On a Vacuum regulator for fractional Distillations.—Govx- 
FROY has described a simple and efficient regulator for preserving 
constant the vacuum employed in fractional distillations. The 
apparatus—whose size may be varied according to the purpose 
intended—consists of two somewhat large vertical glass tubes 
united at their lower ends by a fine tube. One of these (A) ter- 
minates above in a stopcock and funnel ; the other (B) is extended 
above by a tube over which a rubber tube is passed to connect 
the regulator with the distilling apparatus; the lower end is 
closed by a three-way cock, on the side of which is the fine tube 
connecting with A. On the side of the tube B are two openings 
one above the other and about a centimeter apart, each having a 
tube two millimeters in diameter, bent at right angles and rising 
parallel to the tube itself. The lower one of these terminates 
above by a bulb and tube, to which the rubber tube is attached 
leading to the exhaust. The lower tube passes through the side 
of this bulb and is recurved. When not ir use A is entirely 
filled with mercury and B contains more or less according to the 
vacuum desired. On working the exhaust, as soon as the pressure 
in B is less than will support the mercury column in A, this column 
falls and the mercury rises in B, cutting off first the lower and 
then the upper lateral tube. The exhaustion can now proceed no 
farther, until air enters from the distilling apparatus; then the 
mercury level falls below the opening of the lateral tube and the 
air is drawn through this tube into the exhaust. A graduation 
permits the difference of level of the mercury in the two tubes A 
and B to be read off, and thus the pressure under which the 
distillation is effected, ‘to be determined.— Ann. Chim. Phys., V1, 
i, 138, Jan., 1884. G. F. B. 
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6. On a new Temperature-reguiator. — LorHar has 
devised a modified form of temperature-regulator which is ex- 
ceedingly sensitive. It consists of a brass tube, to be immersed 
in the air bath, within which is a glass rod. Supported on the 
upper end of this tube is one end of a lever 40 cm, long, the 
support acting as the fulcrum. Near this end is a screw, the 
lower end of which rests upon the end of the glass rod. Since 
the expansion of glass is only about half as great as that of brass, 
the outer end of the lever is moved down as the heat rises and 
up as it falls. To this arm of the lever, and adjustable as to 
distance, is hung by means of a chain, an apparatus like the 
upper part of a Kemp-Bunsen regulator. The gas passes down a 
central tube of sheet iron, having a slit at the lower end immersed 
in mercury; it then passes through the slit into an outer tube 
of glass, and so on to the burner. Obviously as the temperature 
rises the lever falls, the iron tube sinks deeper in the mercury, 
shortens the slit and diminishes the flow of gas. The lateral 
tubes for the entrance and exit of the gas are similarly movable 
and sealed with glycerin. On the thirtieth of June the tempera- 
ture of an air bath thus regulated varied only five degrees in an 
experiment lasting six hours.—Ber. Berl. Chem. Ges., xvii, 478, 
March, 1884. G. F. B. 


II. GroLoGy AND MINERALOGY. 


1. Geology of the Panther Creek Basin or eastern end of the 
Southern field; by C. A. AsupuRNER. 208 pp. 8vo, with an 
atlas of 13 sheets of maps.—Report AA, Geological Survey of 
Pennsylvania. Harrisburg, 1883.—The Atlas of this report is 
noticed at length in the last volume of this Journal. The report 
gives details with regard to the sections—their strata, flexures, 
anthracite beds, the topography and other characters of the differ- 
ent basins, the variations of the beds in thickness, etc.; also the 
working and production of the mines, the constitution of the 
coals, the contents of the anthracite beds of the whole region, and 
other points of economical and scientific importance. The sec- 
tions have much geological interest as illustrations of the subject 
of flexures in rocks. We here reproduce one of them, but much 
reduced in scale and with the omission of the statements as to the 
kinds of intervening strata and the parts of the coal beds that have 
been worked. It is the section from Neshequehoning Valley to 
Mauch Chunk through Rhume Run (No. 1) Tunnel (sheet No. 1 of 
the atlas and page 47 of the Report). Mr. Ashburner observes 
that Prof. Rogers’ Report of the first survey of the State gives a 
diagram of the same section from surveys in 1840, and others have 
since been constructed. This latest has the advantage of being 
based on all explorations made to the present time and the new- 
est identifications of the coal beds. In the section E, E’, E?, are 
outcrops of the “ Mammoth bed,” 13 to 27 feet thick; F to F°, of 
the overlying Red Ash coal bed, 8 to 23 feet thick. The whole 

AM. JOUR. Serres, Vou. XXVII, No. 161.—May, 1884, 
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thickness of the anthracite beds, from the mouth of the tunnel 
through the Mammoth bed, E, to F inclusive (the lower Red Ash 
coal bed), is 56 feet. The section illustrates (1) the doubling of a 
bed on itself, so doubling its thickness; (2) the uncertainty of 
determinations of the thickness of beds of rock in a region of flex- 
ures (the two parts of F at F° being separated by only a thin 


outcrop of the thick strata, wholly unlike what intervenes 
between F’ and F’, and between F* and F*; (3) the increase in 
the vertical depth of a bed where it is doubled up in the central 
part of a steep fold. 

In an introductory chapter to the volume, Prof. Lesley suggests 
that some abrupt thickenings of the Pottsville conglomerate 
(from 300 feet, the average, to 900 and 1700 feet) may perhaps be 
accounted for on the principle alluded to in (3). He states also 
his conclusion that the Archean regions of eastern Pennsylvania 
and probably also of the New Jersey Highlands were wholly 
covered “by the Paleozoic sediments at the time of the deposit of 
the Pottsville conglomerate.” Prof. Cook gives for the height 
of the highest point of the New Jersey Highlands (2$ miles south 
uf Vernon) (Rep. for 1883) 1,496 feet; what the Archean rocks 
lost in height during the long interval since the Carboniferous 
era is without record. 

2. Geological Survey of New Jersey; Report for 1883, G. H. 
Coox, State Geologist. 188 pp. 8vo.—Like all of Professor 
Cook’s Reports, this new one is valuable both from a scientific and 
an economic point of view. The facts of practical bearing relate 
chiefly to the character and exploration of iron ores, and at less 
length, of other ores and mineral products, and those of special 
geological interest are mostly from observations on the Triassic 
sandstone, the trap rocks, and the Archean rocks and iron ores. 

The conclusions of Professor W. M. Davis that, while the 
Bergen Hill and Palisade range of trap is intrusive, the first and 
second ranges of the Watchung Mountain are probably overflows ; 
that the overflows occurred before the sandstone formation was 
completed and before its beds were tilted; and that the amygda- 
loidal feature of a trap is evidence of overflow, are discussed, and 
various facts adduced sustaining the opposing opinion—-that all 
the trappean ranges are alike of a later age than the Red sand- 
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stone formation, and were intruded after the beds were raised to 
their present inclined position. Many instances are mentioned of 
unaltered sandstone adjoining the trap; but while such facts 
oceur at many points in the Watchung Mountains where the rock 
is sandstone, at other points, and especially wherever it is shale, 
it is hard baked and altered in color, and sometimes contains 
crystallized minerals as a result of the heat. Such effects of heat 
are found on both the eastern and western sides of the Watchung 
Mountains, leaving no doubt as to intrusion. Sands would not 
be baked or new minerals formed where there was no moisture 
to aid the heat. Professor Cook states that the dip of the Trias- 
sic sandstone is not everywhere westward, as has often been said, 
but that over a considerable tract of country in the valley of the 
Raritan there is eastward dip. 

The kinds, positions and other characteristics of the Archean 
formation are briefly considered, and interesting sections are 
given showing the conformable relations of the iron-ore beds 
(magnetite) to the enclosing rock. Professor Cook states that 
the beds of ore “partake with the associated gneissic strata of 
all the essential and accidental features or elements belonging to 
stratified rocks. They possess dip, strike and pitch, and are 
folded, faulted and pinched, as are the rocks about them... . 
Hence, when viewed in connection with the associated stratified 
rocks, the conclusion is unavoidable that they were deposited 
as sediments and are of the same age with them.” 

On page 162, an account is given of the detection of native iron 
in the Triassic shale and earth in Raritan township, about three 
miles east of New Brunswick. An analysis by Dr. T. B. Still- 
man obtained 76°12 per cent of metallic iron. This is the only 
case yet known of native iron from the sandstone formation. 
The Report for 1874 (p. 56), mentions its detection in the trap 
rocks of New Jersey. 

3. Locomotary Appendages of Trilobites—In the Journal of 
the Cincinnati Society of Natural History for October, 1883, Dr. 
Joun MickLEeBorovuGH describes a specimen of trilobite of the 
large species Asaphus Megistos, which has great interest on 
account of the preservation of the ventral surface, with the 
— appendages. His article is illustrated by a lithographic 
plate. 

The specimen has been studied also by Mr. C. D. Watcort, 
and the general result of Mr. Mickleborough confirmed, but with 
new developments as to the structure. Mr. Walcott’s article, 
which is published in Science of March 7, is illustrated by a wood- 
cut of natural size, showing the parts in strong relief a little more 
strongly than they would have been represented in a good litho- 
graph, as we judge from an examination of a cast—though of one 
that was made before the specimen had been thoroughly cleaned 
by Mr. Walcott. The number of pairs of appendages “ clearly 
discernable” is 26, 9 of them beneath the thorax, one beneath the 
posterior margin of the head, and 16 beneath the pygidium. 
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“The legs beneath the thorax show seven joints in two instances.” 
The general arrangement and position of the appendages are 
very much as they were represented by Mr. Walcott in his resto- 
ration of Calymene senuria (Bull. Mus. Comp. Zool., viii, 1881). 
Mr. Walcott also states that, on a careful examination, numerous 
fine slender filaments were discovered, both beneath the thorax 
and pygidium and also near the posterior end of the latter, 
slender jointed appendages not half a millimeter in diameter, and 
he appears to regard these as eo as he did the spiral and 
ribbon-like filaments discovered in his dissections of specimens 
of Calymene. 

Mr. Walcott, after an examination of the specimen of Asaphus 
platycephalus, described by Billings as having remains-of ambula- 
tory legs, sustains Mr. Billings’s conclusion. There is a pair of 
these appendages to each segment of the thorax. No indi- 
cations of abdominal legs are visible. 

4. The Glacial Boundary in Ohio, Indiana and Kentucky ; 
by Professor G. F. Wricut. 86 pp. 8vo. With map illustrations. 
1884. Published by the Western Reserve Historical Society.— 
Through the labors of Professor Wright the southern limit of the 
glacier has been traced westward from Pennsylvania into Illinois ; 
and in Pennsylvania, the work now carried on by Professor Lewis, 
was at first the joint work of him and Mr. Lewis. His conelu- 
sions as regards Ohio, Kentucky and Indiana, have already been 
given in this Journal, (xxvi, 44, 326). The paper now published 
contains the results of his latest explorations, and especially the 
details for the State of Ohio. It is to be noted that the expres- 
sion ‘terminal moraine,” is not here used, the fact being, as stated 
by him, that the limit, while in general distinct, is not always 
marked by true moraine depositions. 

5. Report on the Geology and Natural History of Canada 
Jor 1880-81-82. A. R. C. Setwyn, Director. With many maps 
and plates.—Mr. Selwyn states, in his Summary Report, that he 
had examined during the past season several of the mines on the 
north shore of Lake Superior. In the 800 miles, he found only 
seven mines and one stone quarry that were worked, and only 
one, the Silver Islet Mine, that was profitably so. 

The Reports in the volume are as follows: on the geology of 
the southeastern part of Quebec, by Dr. Setwyn; on the Bow 
and Belly River region and coal deposits, by Dr. G. M. Dawson ; 
on the geology of the basin of Moose River and Lake of the 
Woods, by Dr. BELL; on northern and eastern New Brunswick, 
and on the Gaspé peninsula, by R. W. Ex1s; notes on some of 
the mines in the province of Quebec, by G. W. Wizuimorr; and 
chemical report, by G. C. Horrmann 

Part I of volume III on Paleontology, consists of a paper on 
Paleozoic fossils by J. F. Whiteaves, illustrated by 8 plates. 

6. Cretaceous and Tertiary Florus of British Columbia and 
the Northwest Territory.—Dr. J. W. Dawson has a memcir on 
this subject in the Transactions of the Royal Society of Canada, 
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for May, 1883. It is illustrated by 7 plates. He states that the 
anthracite beds of the Queen Charlotte Islands are now known to 
be Middle Cretaceous, and equivalent of the upper part of the 
Shasta group of California, and that the coal beds of the Nanaimo 
and Comos basins, Vancouver Island, are Upper Cretaceous, 
equivalent to the Chico and Tejon groups of California. The 
Lignitic or Laramie group is admitted to be a transition group 
between the Upper Cretaceous and Eocene. The paper reviews 
the previously described species, and describes others that are new. 
7. Bertrandite: a new mineral.— MM. Damovnr and Ber- 
TRAND have recently published an account of a new mineral from 
the neighborhood of Nantes, to which M. Damour has given the 
name of Bertrandite. An analysis by him yielded: 
BeO H,O 
49°26 42°00 1°40 6°90 = 99°56 


for which the formula 2(Be,SiO,)+H,O is proposed; in other 
words it is near phenacite but differs in containing water. Ac- 
cording to Bertrand it crystallizes in the orthorhombic system 
with a prismatic angle of 121° 20’; the crystals are generally 
tabular in habit through the extension of the basal plane or of the 
brachypinacoid, they are sometimes twins. The crystals are 
transparent, colorless or slightly yellowish, luster brilliant, vitre- 
ous, hardness a little less than six, specific gravity 2°586—2°593. 
The mineral occurs in cavities in pegmatite implanted on quartz 
or feldspar with apatite, arsenopyrite, pyrite.— Bull. Soc. Min., 
vi, 248, 252, 1883. 

8. Tin ore (Cassiterite) in the Blue Ridge in Virginia.—The 
“ Virginias ” of October last, contains a note by Prof. H. D. 
Campbell, of Washington and Lee University, on the discovery 
of tin ore in the eastern corner of Rockbridge County, Virginia, 
on Painter Mountain branch of Irish Creek, about a mile and a 
quarter from the line of Nelson County. The vein runs east and 
west at the place and immediately about the ore consists of 
quartz. The thickness of the band of ore is small, and it is as 
yet uncertain whether the ore will prove to be sufticiently abun- 
dant for profitable working. In an incomplete analysis of a 
specimen from the vein Professor Campbell obtained tin 63°58, 
iron 1°68, silver 0°67, arsenic 0°30, silica 8°41. 

9. Meneghinite and Tennantite from Canada.—Dr. B. J. 
Harrington has described the occurrence of several minerals new 
to Canada. One of these is meneghinite. It occurs in massive 
form near Marble Lake, township of Barrie, Ontario. Its specific 
gravity was 633. An analysis afforded 


Ss Sb As Pb Cu Fe Ag 
16°81 19°37 tr 61°45 1°36 0°07 0'08=—99'14 


The tennantite occurs massive at the Crown mine, Capelton, 
Quebec, associated with pyrite, chalcopyrite, quartz, etc. Its 
specific gravity was 4°622. An analysis yielded 

§ As Sb Cu Fe Zn Pb Ag _ insol. 
27°99 21S 0-09 = 98-82 
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Strontianite occurs sparingly in cavities in concretionary masses 
of limestone contained in the Utica shales of St. Helen’s Island, 
Montreal. Acmite is shown by Dr. Harrington to be an impor- 
tant constituent of the nepheline syenites of Montreal and Beleeil. 

10. Materialien zur Mineralogie Russland, von N. von Koxs- 
cHAROwW.—The first eighty pages of the ninth volume of this 
great work have recently been published. They are largely de- 
‘voted to a memoir on the species caledonite, but supplemen- 
tary notices are also given of monazite, rutile, pachnolite and 
xanthophyllite. 

11. On Allanite from Topsham, Maine ; by F. C. Roxrnson. 
(Communicated.)—Some time ago there was brought to my no- 
tice a peculiar, and to me then unknown mineral which a student 
had discovered in the granite on what is known as “Sprague’s 
Hill,” Topsham, Me. We have just completed an analysis of 
it, and proved it to be allanite. It occurs in the above locality 
in considerable abundance and in the form of brownish crystals 
partially decomposed, and looking like rusty nails driven into 
the granite. Occasionally fair crystals are found. Up to the 
time of its discovery no cerium mineral was known to occur here, 
but recently we have found in small quantities another cerium 
mineral which is now under examination. This latter does not 
occur in the same locality as the allanite, but is associated with 
columbite and gahnite. Other minerals of this locality are also 
being analyzed by us and notices of them will be published from 
time to time. The analysis of the allanite was made under my 
supervision by J. Torrey, Jr. 

<AlO; Fe.0; CeO DIO CaO H,0 WNa,O K,0* 

37°20 =10°24 24°46 8°66 9°57 6°84 1°74 1:26=99°97 

This analysis gives the approximate ratio for R: R: Si=1:1:8. 

Different samples seemed to vary somewhat in composition, 
perhaps owing to the difficulty of obtaining pure pieces because 
of its being so much decomposed. Thus some gave small 
amounts of Mn and less Fe; some also gave little Mg. H,O 
was also slightly variable. 

12. On Cuprodescloizite from Mexico.—On the 29th of No- 
vember last, Prof. Rammelsberg read a paper before the Berlin 
Academy on a variety of descloizite from San Luis Potosi, Mexico, 
to which he gave the name cuprodescloizite. He describes it as 
occurring in blackish reniform masses imperfectly crystalline on 
the surface and within showing a fibrous structure. The powder 
is brown; the specific gravity is 5°856. An analysis gave the 
result stated below (1). It is interesting to note that what was 
without doubt the same mineral was at a somewhat earlier date 
described by 8S. L. Penfield in this Journal for November. The 
description as given by Penfield agrees in most respects with that 
of Rammelsberg, only the specific gravity was found to be 6°202. 


* There was only a trace of K,0. Its exact amount will be hereafter deter- 
mined. 
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The analyses are as follows: (1) by Rammelsberg, (2) by 
Penfield. 
V.0; As.0; P20; PbO CuO ZnO FeO H,0 SiO, 

3) 22°47 028 O17 5403 813 1262 .... 252 .... = 100-22 
8) 1895 382 O18 54°93 674 12:24 006 2-70 012 = 99°74 
As was shown by Penfield, the mineral is essentially identical 
with descloizite. Whether the fact that it contains copper replac- 
ing part of the zinc entitles it to a new name is a point about 
which there may be difference of opinion. 


III. Botany AND Zoo.oey. 


1. Bulletin of the California Academy of Sciences, No. 1. 
Feb. 1884, pp. 59, 8vo.—With this issue the California Academy 
begins a new series of its proceedings and publications, super- 
seding the Journal, as we suppose, though there is no announce- 
ment of this. 

The contents are distributed under the heads of Zoonoey, (a 
single paper, by Miss Rosa Smith, characterizing Sqgualius Lem- 
moni, a new fish), Boranic Section, five papers; Microscoric 
Sxction, five papers upon Fungi, which, there is a certain relief 
in finding outside the domain of botany ; Astronomy, six papers, 
or rather notes, by the worthy President, Professor Davidson. 
The title of one of these upon the cover suggested a straying 
botanical paper, yet it was easy to make out that “ Intra-Mer- 
curial Plants” were planets which had dropped a vowel. Lastly 
MINERALOGY, a paper on Colemanite, a hydrous borate of lime, 
by Mr. Evans. 

The first botanical paper may also seem to have wandered 
afield. It is a very short one, on Veatchia (V. Cedrosensis) a 
new genus of Anacardiacew, by Asa Gray, remarkable for its 
utricular fruit. It had been described by Dr. Kellogg in the 
Academy’s Journal, long ago, as Rhus Veatchiana, and as Dr. 
J. A. Veatch was either one of the founders or very early mem- 
bers of the California Academy, upon which he bestowed his col- 
lections in Lower California, it was most proper that the genus 
which is to honor his memory should be published there. Any 
botanist who has occasion to read the Latin character will be able 
to correct certain faults of punctuation and the single misprint 
which more or less mar the sense. 

Dr. Behr and Dr. Kellogg have joined forces in the publication 
of an Anemone Grayi, which grows on Tamalpais, and which 
seems to be a plant, several times collected in the California Coast 
Ranges, which Dr. Torrey first and other botanists since have 
taken for a mere form of the Linnean A. nemorosa, probably 
with good reason. 

Dr. Kellogg follows with two new species of Lower California: 
Astragalus insularis, on which we have no opinion to offer, and 
Phacelia ixodes, a well marked species, which has also been 
recently collected by Mr. Orcutt. 
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Mr. Greene describes a dozen Oalifornian species, one of them 
a re-publication of Dr. Kellogg’s Brickellia multiflora, and 
another, Sparganium Californicum, “from three to nine feet 
high,” said to be “perhaps too near S. eurycarpum, Engelm.” 
Our lamented associate was unable to distinguish it from that 
species. 

Mrs. Curran’s contribution is of three species, of which the most 
curious is a second species of Acanthomintha (A. lanceolata), dif- 
fering from the other in a 2-lobed upper lip of the corolla (contrary 
to the generic character: only a single specimen collected, which 
is unfortunate. 

Of the Fungological papers, by Messrs. Cooke and Harkness, 
Messrs. Phillips and Harkness, Messrs. Plowright and Harkness, 
Messrs. Ellis and Harkness, and a larger number of new species 
and genera by Dr. Harkness alone, it is not for us to discourse. 
Mycology is becoming, as it were, a kingdom of its own. A. G. 

2. Darwinism stated by Darwin himself. Characteristic Pas- 
sages from the writings of Charles Darwin: selected and ar- 
ranged by Natuan Sueparp. New York: Appleton & Co. 
1884, pp. 350, 12mo.—A thoroughly correct and unbiased idea of 
Darwinism is to be obtained only from Darwin’s own writings. 
But in a book of extracts very much depends upon how these are 
put together. A glance at the present volume gives the impres- 
sion that the selection and arrangement have been done with good 
judgment. There is no daubing with untempered mortar, for 
there is not a word of note or comment. A. G. 

3. Wild Flowers of America, with Fifty colored plates from 
original drawings by Isaac Spracur. Text by L. Goop- 
ALE, M.D., Professor of Botany in Harvard University. Boston: 
Cassino, 1882, imp. 4to.—We probably noticed the earlier fas- 
ciculi of this volume of changeful fate and early interruption. 
But, as it now lies before us, a beautiful volume of 200 pages of 
letter-press and fifty portraitures, in which the chromo-lithographic 
printer has really done justice to Mr. Sprague’s elegant and faith- 
ful paintings, we wish to call attention to it. We believe that 
the copies were so promptly taken up that it is entirely out of 
print; and we are uncertain if the publisher can reproduce it, 
though that, and the continuance of the work, were greatly to be 
wished. While all the plates are of very high order (except that 
a few are rather meagre), the following are among the most ex- 
quisite: Aguilegia Canadensis, Gerardia flava with G. tenuifolia, 
Lilium Philadelphicum, Tris versicolor, Rudbeckia celumnaris, 
Clematis Virginiana, Arethusa bulbosa, Kalmia glauca, the most 
rare Shortia galacifolia, Echinacea angustifolia, and Skunk cab- 
bage, though that needs a leaf to be sketched in as a back-ground ; 
also Indian turnip, the pink Azalea, or wild honeysuckle, our 
sweet water-lily and the May-flower. A word must be said for 
the letter press, which has avoided poetry and thread-bare senti- 
ment, and has managed to combine, in a readable and interesting 
narrative, much good descriptive matter, curious information, 
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and a series of lessons in botanical morphology. Finally there is 
a full index of all the technical terms and of the subjects treated, 
as well as of the flowers figured. A. G. 

4, A Catalogue of the Native and Naturalized Plants of the 
City of Buffalo and its Vicinity; by Daviw F. Day. Butftalo, 
1883. pp. 215, 8vo.—This is published by the Buffalo Society of 
Natural Sciences, of which the compiler of this catalogue was one 
of the founders (in the year 1861), and the venerable Judge 
Clinton the leading spirit and first president. “ That devoted nat- 
uralist and accomplished scholar,” and most genial man, having 
removed his residence from Buffalo, “where he passed so many 
years of his useful and honorable life,” to his native city of 
Albany, the editing of the present catalogue has devolved upon 
his associate. It has been a good while in hand, and both in 
form and in substance it is a most creditable production. It 
“presents the names of all the plants which have been detected 
within a radius of fifty miles of Buffalo,” is accompanied by a 
map of the region, a sketch of its physical geography and climate, 
and other interesting details. It has set a good example by 
including, upon the basis of real investigations, all the crypto- 
gamous plants of the region which have been fairly determined. 
A supplement brings in additions and corrections nearly up to 
date of publication. The phzenogamous species are 1,217, in 106 
orders. Almost exactly half of them are in the ten larger orders, 
and are distributed as follows: 


Composite, 143. Labiate, 39. 
Cyperacer, 105. Ranunculacer, 36. 
Gramine, 88. Cruciferz, 36. 
Rosacer, 52, Orchidacer, 34. 
Leguminose, 45. Liliacee, 31. 


Labiate would not hold this position except for its adventive 
and naturalized representatives, which make up one-third of its 
quota. Owing to its situation, its relation to railroads, and its 
cattle yards, Buffalo is a trap for adventive plants from the 
west, and one great use of this catalogue is to mark their coming, 
for future comparison. The portion of the catalogue devoted to 
the Musci, 165 species, Hepaticw, 24, Lichenes, 204, Fungi, 869 
and Algw, 204, is of particular interest. There is a complete 
index of generic names. A. G. 

5. Die Pflanzenkrankheiten; by Professor Dr. B. Frank. (In 
vol. i of Schenk’s Handbuch der Botanik, Trewendt, Breslau.) 
243 pp., 46 ills.—This is one of the important monographs referred 
to in our last number as forming a part of the Encyclopedia of 
Natural History now publishing in Germany. 

The results of the numerous investigations in regard to the 
maladies of plants are scattered through a wide range of botan- 
ical, pharmaceutical, horticultural, and agricultural journals. 
Some of these investigations have been of the most superficial 
and untrustworthy character, and the conclusions must be received 
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with great caution. In the volume now before us, the more 
important facts have been carefully brought together, and con- 
veniently arranged, but with too little critical remark. Hence, 
although of the greatest use to one in search of the literature of 
the subject, the work does not sufficiently aid one who does not 
have access to the original authorities. 

Candidly giving up the difficult task of trying to draw a line 
between pathology and teratology, Professor Frank describes as 
diseased conditions, all variations from the normal condition of 
the species. He coufesses that the subject is surrounded with 
difficulties, upon the consideration of which we cannot now enter, 
except to say they mostly spring from the transfer to such simple 
organisms as plants, of the terms which are in ordinary use in 
Medicine and Veterinary Medicine. The provisional working 
classification of plant-diseases proposed by Frank is plain and 
reasonably comprehensive. Four groups are made, viz: 

Effects of injurious mechanical influences, as distortions through 
lack of room for growth, and the many forms of wounds. 2. 
diseases induced by inorganic nature, such as come from too 
little or too much light ; from too low or too high a temperature ; 
from an unfavorable medium, and unpropitious climatic influ- 
ences. 3. Diseases brought on by parasitic plants. 4. Diseases 
caused by animals. 

As might be expected, the chapter on wounds and their healing, 
takes up some of the most interesting questions in Morphology 
and Physiology. The different modes of repair are well consid- 
ered, and the illustrations very telling. The injuries produced by 
frost, and by low temperatures which do not quite reach tke 
freezing point of water, are treated of with some detail, but in a 
less satisfactory manner than the other parts of the work. The 
chapter on Parasitic Fungi deals with the effects produced by 
them rather than with their morphology. He speaks of three 
general effects produced by these parasites: 1. a consumption of 
the living matter and its stored food. 2. Destruction of tissues. 
3. Irritation inducing abnormal growth. The Essay throughout 
is painstaking, which makes it of great utility as a work of 
reference, the citations being given with extraordinary accuracy. 

G. L, G. 

6. Researches on the Structure of Diatomacee, from the 
“Cemenstein” of Jutland, by Messieurs W. Prinz and E, Van 
EnmeEnGeEM, of the Belgian Microscopic Society. (Ann. Soe. 
Belg. de Microscopie, t. viii).--The authors give the results of 
their examinations of s/iced Diatoms in descriptions and in 
excellent plates, and also facts of geological interest connected 
with them. The diatums are filled usually with calcite, but 
contain sometimes minute crystallizations of pyrite inside or as 
a coating ; and the pyrite occurs commonly in the parts of the 
diatom (the perforations, especially) where the organic matter 
existed, to provoke the chemical reaction necessary for its pre- 
cipitation. The author discusses also the origin of the pseudo- 
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morphs of pyrite after diatoms that had been described from the 
London clay, and explains their formation by first a coating of 
pyrite and then a substitution of pyrite for the silica as it is 
slowly removed, molecule for molecule. By dissolving away the 
pyrite he found still a delicate siliceous skeleton remaining. 

7. Report of the Entomologist, Dr. C. V. Ritry, for the year 
1883; from the Report of the Department of Agriculture. 80 
pp. with plates——Dr. Riley’s report contains much important 
information on insects injurious to vegetation, and the best means 
of preventing their destructive work; and the plates contain 
figures of apparatus which have been devised for the latter 
purpose, besides illustrations of the insects. A valuable chapter 
on the destruction of evergreen forests in Northern New England 
and New York is by Professor A. 8. Packard. 

8. Results of Dredging under A. Agassiz in the “ Blake.” 
Report on the Isopoda, by Oscar Harcrer.—The species of 
Isopod Crustacea here described and figured by Mr. Harger 
come from depths of 500 to 7,000 feet and are in part new to 
the American coast. They include species of Cirolana, diya, 
Rocinela and Syscenus, 

9. Exploration of the Surface Fauna of the Gulf Stream ; 
by A. Acassiz. Vol. viii, No. 2 of the Memoirs of the Mus. 
Comp. Zool. Harvard College.—This memoir describes the Por- 
pitide and Vellelide, and is illustrated by 12 plates. 

10. Selections from Embryological Monographs. Compiled by 
A. Acassiz, W. Faxon and E. L. Marx.—II. Echinodermata, by 
A, Agassiz, with 15 plates (Mem. Mus. Comp. Zool., vol. ix, No. 
2), consists chiefly of plates illustrating the embryology of 
Comatula, Ophiuroids, Asteroids, Echinoids, and Holothurioids, 
as made out by the researches of different zoologists. They 
-are here brought together under the supervision of Mr, Agassiz, 
for the aid of students in zoology, and make a very instructive 
series. 

11. Cruise of the Revenue Steamer Corwin in Alaska and the 
N. W. Arctic Ocean, in 1881. 120 pp. 4to, with many plates. 
Washington, 1883.—This Report contains an illustrated memoir 
on the Birds of Behring Sea: and the Arctic Ocean, by E. W. 
Netson; Anthropoiogical Notes, with plates, by Dr. I. C. Rossz; 
Botanical Notes, by Joun Murr. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. National Academy of Sciences.—At the recent meeting of 
the National Academy, held at Washington from April 15th to 
18th, the following papers were entered for reading : 


On the photographs of the Transit of Venus taken at the Lick Observatory: by 
Smion Newcome. 

Whether there is a minimum perceptible difference of sensation: by C. S. 
PEIRCE and J. JASTROW. 

The character of the heat radiated from the soil: by S. P. LaAn@Lry. 

Progress in making a new photograph of the spectrum: by H. A. ROWLAND. 
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Some experiments upon the spectra of oxygen: by A. W. Wricut. 

On the depth of the western part of the Atlantic Ocean and Gulf of Mexico, 
with an exhibition of a relief model ;—On the relative levels of the western part 
of the Atlantic Ocean and Gulf of Mexico with respect to the Gulf Stream ;—An 
account of some recent pendulum experiments in different parts of the world, 
made in connection with the U. S. Coast and Geodetic Survey; by J. E. Hinearp. 

Reduction of barometric observations to sea level; by ELIAS LOOMIS. 

The Krakatoa atmospheric waves, and the question of a connection between 
barometric pressure and atmospheric electricity: by H. M. Paun. (By invitation.) 

On the voleanic sand which fell at Unalaska, Oct. 20, 1883, and some considera- 
tions concerning its composition: by J. S. Dinter. (By invitation.) 

. The quantitative estimation of carbon in ordinary phosphorus ;—Reduction of 
halogen derivatives of carbon compounds: by IRA REMSEN. 

On the Fritts selenium cell ;—On a lantern voltmeter: by Gro. F. BARKER. 

Recent progress in electrical fuses: by HENRY L. ABBOT. 

The sufficiency of terrestrial rotation to deflect river courses: by G. K. GILBERT. 

The origin of crystalline rocks: by T. StreRRY Hunt. 

On the occurrence of mercury in native silver from Lake Superior: by Gxo. J. 
Brusu. 

On the existence of tin ore in the older rocks of the Blue Ridge: by B. SILLIMAN. 

Jade implements from Alaska: by F. W. CLARKE. 

Zoological results of the deep-sea dredging expedition of the U. S. Fish Com- 
mission Steamer Albatross: by A. E. VERRILL. 

On the structure and affinities of Didymodus, a still living genus of sharks of 
the Carboniferous period ;—On the North American species of Mastodon: by 
E. D. Cope. 

The characteristics of the lyomerous fishes ;—On the classification of the apodal 
fishes: by THEO. GILL and JouHn A, RYDER. 

On the ichthyological peculiarities of the Bassalian realm: by THEO. GILL. 

Memorandum on composite photographs in craniology: by JcHN S. BILLINGS. 

On the application of trinomial nomenclature to zoology: by ELLIoTtT CovuEs. 

Some recent results of the oral and aural teaching of the deaf, under the com- 
bined system: by E. M. GALLAUDET. 

The study of comparative biography: by C. S. PEIRCE. 


Memorial addresses were delivered by General H. L. Abbot on 
the late General G. K. Warren; by Professor C. A. Young on 
Professor Stephen Alexander ; by Professor Silliman on Professor 
J. Lawrence Smith; and by Dr. Samuel H. Scudder on Dr. John 
L. LeConte. 

The following new members were elected: Professor W. K. 
Brooks of Baltimore; General C. B. Comstock, U. 8S. Army; 
Professor Edward 8S. Dana of New Haven; Captain C. E. Dutton, 
U.S. Army; Professor Sidney I. Smith of New Haven. 

2. Report of the New York Stute Survey for the year 1883, 
James T. Garpiner, Director.-—-This Report, besides giving de- 
tails and maps relating to the topographical work done, presents 
some facts in illustration of the subject of the relations of drain- 
age to rainfall and the removal of forests. From observations at 
Rochester University since 1830, and at Buffalo and Rochester 
by the U. S. Signal Service since 1870, the rainfall (snow being 
included) increased, during the period from 1830 to 1880, from 
27°7 to 38 inches; and from 1868 to 1881, the mean-fall was 38°73 
inches. The forests were extensively removed in this interval. 
On the contrary, the mean annual rainfall of Auburn, Cazenovia 
Potsdam and Albany, places in the center, northern and eastern 
parts of the State, taken by periods of ten years, show that little 
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change has taken place; but at Pierrepont Manor and Oswego 
there is an indication of some increase. The last two places with 
Buffalo and Rochester, are near Lake Ontario; and Mr. Gardiner 
concludes that excepting in the vicinity of Lake Ontario little 
change in amount of precipitation has taken place, notwithstand- 
ing the large removal of. forests. 

With regard to the relation between"drainage and rain-fall 
the report states that the average flow of the westjbranch{of the 
Croton for four years was found to be 63 per cent of the rainfall. 
The basin covers about 20 square miles, is {mostly wooded, and 
the subjacent rocks are metamorphic. In Massachusetts the} same 
average for the Cochituate basin, west of Boston, for the inter- 
val 1852 to 1875, is 45 per cent; and for the Sudbury, basin, 
which has an area of 77°76 square miles, about 50 per cent. In 
both of these cases also the rocks are metamorphic, but the basins 
are only partially. wooded. 

The maximum precipitation at Rochester and Buffalo, for the 
two months, March and April, is stated to be about 10°42 inches. 
The total amount of water to be disposed of during March and 
April—the time of maximum flow—is therefore often 10 inches, 
plus the water produced by the melting of snow accumulated 
before March Ist. Mr. Gardiner adds the remark that on un- 
wooded areas, that are similar to the above mentioned regions in 
climate and other conditions, any channel capable of carrying off 
the spring flow is not liable to be flooded between May and 
November. 

At the receiving reservoir in New York, between 1864 and 
1880, the evaporation amounted to 80 per cent of the rain-fall, it 
being so great because wholly from a water-surface, and one in no 
part protected by forests from winds and the direct sun’s rays. 

3. Note on the condition occasioning the Ohio River flood of 
February, 1884; by J. D. Dana.—The unusual height of the flood 
of February last on the Ohio River, in which the water reached at 
Cincinnati a level of 71 feet } inches above the guage mark (which 
is 2 feet above low water), has had different explanations. The 
right one is brought out in a paper (apparently editorial) giving 
an excellent review of the facts as to this and other Ohio floods, 
in Science of February 22. 

The only floods which are known to have passed the 60-foot 
mark at Cincinnati, as stated in this paper, are the following: 
February,1832, 64 feet 3 inches; December, 1847, 63 feet 7 inches; 
February, 1883, 66 feet 4 inches. Speaking of the flood of 1883, 
it says: “The flood was due to two storms, the first trom Feb. 3 
to 5, in which about 34 inches of rain fell at Cincinnati, and the 
second, on Feb. 10, 11, in which the rain-fall was about 2 inches. 
These storms extended to the head waters of the Ohio and fell upon 
Jrozen ground—so that the water was carried at once into the 
water courses.” Further, “the flood of 1884 rose from a single 
storm on Feb, 4 to 6, in which the precipitation was 4°46 inches in 
eight hours less than three days. This storm combined with the 
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warm weather caused a general thaw over all the region from 
which the feeders of the Ohio come.” The condition as to frozen 
ground, which was true of a large part of the drainage area is not 
in the latter sentence, but is implied by the connection. The 
floods also of 1880, 1881, 1882, 50 to 58 feet in height, occurred 
in February; and 19 out of the 27 between 1858 and 1884 were 
within the four months, December, January, February and March. 

Facts bearing on this subject are given by the writer in his 
paper of 1882, on the “ Flood of the Connecticut River from the 
melting of the Quaternary Glacier.”* It is there deduced from 
the tables of precipitation kept at different points in the Connec- 
ticut valley, and from the amount of discharge of the river as 
carefully measured by General T. G. Ellis, of the U. S. Engineer 
Corps, at Hartford for the years 1872 to 1877, that in 1874, a 
year of great floods in January and May, the amount discharged, 
733,103,000,000 cubic feet, was 69°5 per cent of the precipitation, 
while in 1877, a year of minimum discharge (only 526,261 millions, 
or five-sevenths of that in 1874) it was 50 per cent; and the con- 
clusion is stated that the floods are dependent partly on the large 
amount of snow and ice over the country for melting, and to “a 
considerable extent on the frozen state of the ground over the 
hill slopes and much of the country, this favoring an easy slip- 
ping, of the waters over the surface without absorption by the 
soil. 

In 1874, when the discharge of the Connecticut was so great, the 
two months of largest discharge were January (135,491 millions 
of cubic feet, and May, 139,213 millions), the precipitation over the 
drainage area of the Connecticut for January, taking the average 
from observations at Amlerst 35 miles north of Hartford, Han- 
over 135 miles north of Hartford, and Lunenburg on the river 200 
miles north of Hartford and 60 to 70 from the most northern 
sources of the Connecticut, was 4°02 inches, and for May, 3°81 
inches; yet in April with a mean precipitation of 4°49 inches, the 
discharge was only 62,031 millions; and in July, with a mean 
precipitation of 3°74 inches, the discharge was only 55,018 mill- 
ions. April is usually a month of frozen ground over the northern 
half of the valley, but not always to so great an extent. Again, 
in February, the discharge amounted to 96,674 millions (half 
more than in April and two-thirds that of January), although 
the mean precipitation for the valley in that month was only 1°93 
inches, showing that thawing was the chief cause, not the precipi- 
tation of that month. 

Further, in 1877 (the year of minimum flood), during the 
month of October—too early for frozen ground except on the 
high mountain tops and yet always a cool month—the amount of 
discharge of the river was only 31,772 millions of cubic feet, 
although the mean precipitation in the valley for the month was 
5°45 inches, which is greater by one third than in the months of 
greatest discharge in 1874. 


*This Journal, III, xxiii, 368. 
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It is here evident that the frozen condition of the earth’s sur- 
face has a vast deal to do with the height of the winter floods, 
and the extent of the forest region very little. 

The conditions affecting the amount of discharge are (1) the 
loss by evaporation; (2) the loss by absorption. 

Loss by evaporation becomes greater (1) as the seasons advance 
from cold to warm; (2) as forest regions become changed into 
dry fields of earth, or earth and rock ; (3) as obstructing dams are 
multiplied, making the stream more or less a string of ponds. It 
is least, other conditions equal, when streams are deep in propor- 
tion to their breadth ; and when the velocity is great, the time 
used for discharge being thereby diminished. 

Loss by absorption becomes greater as the season advances 
from cold to warm, but only after the ground of the drainage 
area has become unfrozen ; (2) the more the area is forest-covered ; 
(3) the more porous, fissured, or cavernous the underlying strata; 
as vegetation develops with the advancing spring. It is least 
where the rocks are non-absorbent, as in most regions of metamor- 
phic rocks; where the cold has produced a frozen surface—rock- 
like—over the drainage area. 

Hence the best conditions for a great flood are a frozen drain- 
age urea and a great thaw after a large accumulation of snow, 
or a great rain and thaw. But for summer floods, the cause is a 
great and sudden rain-fall; and the steeper the slope of the tribu- 
taries and main stream, the vaster the discharge, since evaporation 
and absorption then fail largely of their usual perquisites. 

4. Publications of the Cincinnati Observatory, No. 7.—The 
observations of Messrs. Stone and Wilson upon nine comets in 
1880-2, both for positive and physical, are given in this valuable 
contribution. Ten plates illustrating the physical observations 
are added. 

5. Geological Society of London.—At the annual meeting, the 
15th of February, the Wollaston Gold Medal was given to Prof. 
A. Gaupry; the balance of the Proceeds of the Wollaston Dona- 
tion fund, to Mr. E. Turtey Nrewron; the Murchison Medal to 
Dr. Henry Woopwakrp; the balance of the Murchison fund to 
Mr, R. ErneriwGe; the Lyell Medal to Dr. Josern Letpy of 
Philadelphia; the balance of the Lyell fund to Prof. C. Lap- 
WORTH; a portion of the proceeds of the Barlow-Jameson fund to 
Dr. J. Crott; a second portion of the proceeds of the Barlow- 
Jameson fund, to Prof. Leo LesquEerEux. 

6.. Hermann Mueller Fund.— The citizens of Lippstadt in 
Westphalia have formed a committee to collect funds for a 
memorial to the late Hermann Mueller, professor in the Real 
Gymnasium of that town, and one of the most distinguished 
investigators of the mutual relations of insects and flowers. Our 
announcement of his death, in August last, accompanied the 
notice of the English edition of his latest work. The proposed 
fund is “to preserve the memory of Professor Mueller, and aid 
his family by creating a foundation, whose revenues shall be 
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enjoyed by the widow of the deceased during her life-time, and 
after her death preferentially by some descendant of Professor 
Mueller’s that shall be desirous of studying natural philosophy, 
or else by some other needy and worthy student of that science 
who shall have been educated at the public school of Lippstadt.” 
Gifts to this fund may be forwarded to the treasurer of the Com- 
mittee, Herr Stadtkaemmerer Wilhelm Thurmann, at Lippstadt. 

7. Rainfall returns.—A circular has been issued by A. R. Bin- 
nie, M. Inst. C. E., F. R. Met. Soc., F.G.S., expressing his de- 
sire to receive copies of records of rainfall extending from as 
early a date as possible. It states that the observations should 
give annual falls only, and be continuous for a single locality for 
at least 15 years; that the results should be expressed in millime- 
ters; that the name of the observer and the place of observation 
be attached. Mr. Binnie’s address is Town Hall, Bradford, York- 
shire, England. Contributors are promised in return, a copy 
of the results of the enquiry. For a copy of the circular this 
Journal is indebted to the Signal Service Office, Washington. 

8. Monument to the great Paleontologist, Barrande.-—No more 
faithful or successful worker in Paleontology has lived than Bar- 
rande. Subscriptions to a monument to his memory will be for- 
warded by Professor A. Hyatt, Technological Institute, Boston. 


OBITUARY. 


Stenor Quintino Setia, President of the R. Accademia dei 
Lyncei, of Rome, and for many years Minister of Finance in 
Italy, died on the 14th of March. His scientific researches were 
chiefly in crystallographic mineralogy, in which department his 
papers are of the highest excellence. His able statesmanship on 
the one hand brought order and system to the finances of United 
Italy, and on the other promoted the progress of the nation in 
literary and scientific culture and in whatever tended to con- 
tribute to the elevaticn of the people. Signor Mancini, in an 
address at a memorial session of the Chamber of Deputies, 
connects his name with three great achievements in the recent 
progress of his nation: “ La restaurazione finanziaria della 
sua patria; la liberazione di Roma papale con la caduta del 
potere temporale ; Ja grandezza intellectuale ed anche materiale 
di Roma moderna divenuta Italiana.” He took an active part in 
the arrangements with reference to the geological survey of Italy 
and its geological map, and was President of the International 
Geological Congress at Bologna, in 1881. The Chamber of Depu- 
ties has appropriated 20,000 dollars for a monument to his memory. 

A letter from Mr. T. McKenny Hughes, in Nature of March 27, 
dated Woodwardian Museum, Cambridge, March 25, states that 
“it is proposed to place a bronze wreath on the tomb of the 
distinguished Italian geologist and statesman, Quintino Sella,” 
and that “ English geologists are invited to express their sympathy 
with their Italian fellow-workers by sending their names with a 
small subscription.” 
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APPENDIX 


Art. XLVUL—Prinepal Characters of American Cretaceous 
Pterodactyls ; by Professor O. C. Marsn. Part I. Zhe 
Skull of Pteranodon. (With Plate XV.) 


THE first remains of Pterodactyls discovered in this country 
were found by the writer, in the autumn of 1870, near the 
Smoky Hill River, in Western Kansas. These belonged to a 
gigantic species, which was described by the writer in 1871, 
and is now known as teranodon occidentalis. The geological 
horizon of these fossils was in the Middle Cretaceous, in the 
same deposits that contain the Odontornithes, or Birds with 
teeth. In the following year, additional specimens were 
secured by the writer in the same region, and referred to two 
new species of the same genus.* 

In 1872, the writer again visited this region, and made a 
eareful search for other specimens, and for several subsequent 
years had parties exploring the same deposits systematically, 
with good results; so that at the present time the remains of 
more than six hundred individuals of these reptiles have been 
secured from “this horizon, and are now in the museum of 
Yale College. 

The most of these remains represent gigantic species, the 
largest having a spread of wings of nearly, or quite, twenty-five 
feet. These all belong to the genus Pteranodon, and pertain 
to five species. One species referred to this genus was com- 
paratively small, having a spread of wings of not more than 
three feet. A few specimens were found, intermediate in size, 
and these represent the genus Vyctodactylus, of which only 
a single species is known. 


* This Journal, vol. i, p. 472, June, 1871; vol. iii, p. 241, April, 1872, 
and p. 374, May, 1872. 
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All these Cretaceous Pterodactyls, so far as known, differ 
widely from the members of this group in the old world, 
‘especially in the absence of teeth, and hence have been placed 
by the writer in a new order, the Pteranodontia, from the 
typical genus, /teranodon.* Other important characters of 
this order have since been made known by the writer, showing 
that these strange reptiles constitute a well marked group, 
much more specialized than any hitherto discovered. 

In the present paper, the skull of one species of Pteranodon 
is described and figured as typical of the order, and the 
remaining part of the skeleton will be discussed in subsequent 
communications. 


THE SKULL. 


The skull in the genus /teranodon is very large, and much 
elongated. The facial portion is greatly produced forwards, 
and an enormous sagittal crest extends far backward, and 
somewhat upward, as shown in Plate XV, figures 1, 2, and 3. 
Seen from the side, the jaws project forward like a huge pair 
of pointed shears. They are very long, sharply pointed in 
front, and entirely destitute of teeth. In no specimens exam- 
ined, young or old, have any indications of teeth been detected. 
The margins of the jaws are smooth and thin, as in many 
species of recent Birds. The jaws were probably encased in a 
horny sheath. 

The bones of the skull are nearly all of extreme tenuity. 
With the exception of the occipital condyle, and the lower 
ends of the quadrates, all seem to have been pneumatic. 

Seen from above, the skull appears extremely narrow. A 
sharp ridge extends from the end of the premaxillaries along 
the median line to the true cranium, and is continued backward 
by the thin elevated crest. The large antorbital openings thus 
seem near the middle of the skull, and, as they are directly 
over the posterior nares, they form part of the vertical 
apertures in the cranium, seen in Plate XV, figures 2 and 3. 

The palate is deeply concave, and covered with bone, as far 
back as the posterior nares. 

The bones of the skull are nearly all firmly ankylosed 
together, and this makes it very difficult to determine the 
different elements. 


* This Journal, p. 507, vol. xi, June, 1876; p. 479, vol. xii, Dec., 1876, 
and vol. xxi, p. 342, April, 1881. See also vol. xxiii, p. 251, April, 1882. 
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The premaxillaries are very large, and have coalesced with 
the maxillaries. They appear to extend backward to the large 
antorbital vacuities. These apertures apparently include both 
the anterior nares, and the lachrymo-nasal fossx, which are 
separate in most recent birds. 

The orbit is of moderate size, and oval in outline, the apex 
being below. There was apparently no ring of bony sclerotic 
plates, since in the best preserved specimens no traces of this 
have been found. 

The quadrate is firmly codssified with the other cranial 
bones, and projects strongly forward. Its distal end is one of 
the most characteristic parts of the skeleton. 

The sagittal crest is of enormous size, and serves to balance 
the elongated jaws. It is very thin transversely, and during 
life was probably more or less flexible. In form and direction, 
it resembles the corresponding crest in the recent genus 
Basilicus. 

The occipital condyle is very small, and nearly hemispher- 
ical in form. It is directed backward, and but slightly down- 
ward, thus differing from this part in most of the members of 
the group. 


THe Lower JAws. 


The lower jaws are very long, and quite sharp in front, 
corresponding closely in this respect with the end of the 
upper jaws. The rami are closely united by a symphysis 
which extends from the apex to beyond the posterior extremity 
of the dentary bone, as in the mandible of Rhynchops, and 
some other birds. Behind the symphysis, the rami are com- 
paratively slender. The upper face is strongly coneave. The 
articulation for the quadrate is deeply grooved obliquely, and 
the joint is a very strong one. The front portion of this 
mandible during life was evidently protected by a horny 
covering, like that of the beak above. 


The nearly complete skull] here described may be regarded 
as a type of the genus Pteranodon. Its principal measure- 
ments are as follows: 


Length, from extremity of sagittal crest to end of pre- 
maxillary, about 30 inches, or 760° ™™ 

Tranverse diameter of occipital condyle, 8°4 

Distance from occipital condyle to distal end of quadrate,105- 

Length of lower jaw, about, 23 inches, or 

Greatest depth, 

Depth at articulation for quadrate, 
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The skull of Pteranodon ingens, described by the writer 
from the same geological horizon, is about four feet in length. 


The skull of Pteranodon differs especially from that of the 
other known Pterosauria, in the following particulars: (1) the 
absence of teeth; (2) the absence of anterior nasal apertures 
distinct from the antorbital openings ; (3) the presence of the 
elongated occipital crest ; (4) the whole jaws were apparently 
covered with a horny sheath, as in recent birds. 


Yale College, New Haven, April 24th, 1884. 


(IXPLANATION OF PLATE XV. 


Figure 1.—Skull and lower jaw of Pteranodon longiceps, Marsh; side view. 
FiGuRE 2.—The same skull ; top view. 
FIGURE 3.—The same skull ; bottom view. 
FIGURE 4.—Lower jaw of Pteranodon longiceps ; top view. 

a, Antorbital aperture; 6, orbit; c, sagittal crest; d, angle of jaw; e, lower 
margin of upper jaw ; ¢’, upper margin of lower jaw; / articulation of lower jaw; 
oc, occipital condyle ; g, quadrate bone ; s, symphysis of lower jaw. 


All the figures are one-sixth natural size. 
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SKULL OF PTERANODON LONGICEPS, Marsh. 


One-sixth natural size. 
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